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WHERE PIPE LINES 
ARE CONCERNED... 


BELOW—I nstalling the 30” Lock 
Joint supply line for Ciudad Trujillo 
in the Dominican Republic. This line, 
undamaged by shocks which destroyed 
many structures in the vicinity, gave 
unimpaired service throughout the 
severe earthquake of 1946 


RIGHT—Damage attending the rup- 
ture of a large water main in a 
crowded community. 


ONE SLIGHT FLAW IN A PIPE 


may develop the proportions of a major 
catastrophe when an important water 
line ruptures in a crowded area. Utilities 
can be impaired, property flooded, traf- 
fic stalled, business lost, life endangered. 
A bad break in more ways than one, but 
a break which could be avoided by using 
Lock Joint Pressure Pipe. 

Lock Joint’s water-tight expansion 
joints built into every section of pipe 
provide unrestrained flexibility under 
back loads to accommodate not only 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P.O. Box 269, East Orange, N. J. 


Pressure Pipe Plants: 


Wharton, N. J. © Turner, Kan. ¢ Detroit, Mich. 
BRANCH OFFICES: Casper, Wyo. 
Col 
Rock Island, Il. « Wichita, Kan 
Conn. 


+ Cheyenne, Wyo 
Valley Park, Mo. « 

+ Kenilworth, N. J 
+« Tucumeari, N. Mex. « Oklahoma City, Okla. 


Kansas City, Mo. - 


Denver 
Chicago, 
Hartford 
+ Tulsa, Okla 


normal ground settlement but traffic vi- 
brations and variations in temperature. 
The high factor of safety assured by its 
time-tested design of reinforcement pro- 
vides for every pipe an abundant reserve 
against water hammer and pressure 
surges. Experience shows conclusively 
that Lock Joint Pressure Pipe does not 
fail. 

When planning your next water sup- 
ply main—specify Lock Joint Concrete 
Pressure Pipe—the pipe with a proven 
record of safety. 


SCOPE OF SERVICES—Lock Joint Pipe Company ape- 
cializes in the manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply and Distribu- 
tion Mains in a wide range of diametera from 16” up as 
well as Concrete Pipe of all typea for Sanitary Sewers, 
Storm Drains, Culverts and Subaqueous Lines. 
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ROCKWELL 
EMPIRE TYPE 12 
METER 


The First Meter 
to be fully 


FROST, PROTECTED 


INTERNALLY 


HERE'S HOW IT WORKS WHEN METER FREEZES... 


ALL FARTS SEPARATE 


in all other meter designs the interior parts 
are bolted together and, in some, the interior 
assembly is directly attached to the 
meter casing at the stuffing box. 
In the Empire Type 12 meter alone, the 
interior castings are jointed and held together 
without the use of screws or bolts. Thus, when 
an Empire meter freezes, the bottom plate 
breaks and the parts all come apart. They 
are then free to move with the expanding ice 
and are thus protected against strain or 
distortion. This money saving feature of 
Empire Type 12 meters is fully described in 
bulletin W-802. Write for your copy today. 


...and the EMPIRE TYPE 14 


AN ALL-BRONZE METER FOR WARM CLIMATES 


Especially designed for use below the frost belt. All-bronze construction ' 
Presents many odvontages including ability to combat electrolytic : 
action. Exclusive design using oscillating piston principle has fewer 

working ports than any other meter. Described in bulletin W-801. 


how the interior cost- 
ings of the Empire Type 12 meter 
ore free to seporote when the 
frost bottom breaks s0 a to pro- 
tect agoinst damage to the work- 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 6, PA. Atlanta Soston Chicago Konsos City 
Los Angetes New York gh Sen Francisco Seortte 
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Solving water problems is our business. Our engineering files contain over 
40,000 case histories cross-indexed for easy reference. Whatever your 
problem — whether it involves sterilization, coagulation, pH 

control, taste and odor control, or water filtration 

% Proportioneers% has the experience and equipment 

“in stock” to solve it. 


%Proportioneers% Model 

47 Chem-O-Feeder —- for 
hypochlorite, alum, soda ash, 
lime, ferric sulphate. 


%Proportioneers% world famous ‘‘Little 

— the Heavy Duty Midget Chlor- 

table, dependable. Recom- 

mended for a wide range of * water treating applications. 


May we help? . . . send for data and recommendations 
to % Proportioneers, Inc. %., 366 Harris Avenue, Providence 1, R. I. 


Technical service representatives in principal cities of the United States, Canada, Mexico, and other foreign countries. 
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HE A. P. SMITH MANUFACTURING CO. 


produces, % FIRE HYDRANTS A. W. W. A. Specification 


and High Pressure — Compression Type — Dry and Wet Barrel 


Types. sy GATE VALVES sizes 2” thru 66”, Manual, Hydraulic 


Cylinder, Electric Motor Operated for Low, Medium and High Pres- 


sizes 4" x 2" thru 60” x 48” for branch connections under a 


‘yj: THE A.P. SMITH MFG. CO. 


"EAST! ORANGE. NEW JERSEY 
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sure Service. Sifigites INSERTING VALVES sizes 4” thru or 
: inserting under pressure. ) _ TAPPING SLEEVE AND VALVES 


FORD SPECIAL 
METER TESTING BENCHES 


In many large meter shops the volume of 
testing justifies special equipment. The 


possibilities are worth investigating. 
Write for information. 


THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 


FOR BETTER WATER SERVICES: 


= fo, Petia MR 
FREE 
catalog No- 50 
money saving 
meter 
ment. 
offer High E, 4 
FORD 


Bs lines don’t “shrink’’ when the 
interior surfaces are coated with a spun 
lining of Bitumastic 70-B Enamel . . . 
because this durable enamel prevents 
rust, corrosion, incrustation and 
tuberculation. 

When the inside diameter of your 
pipe line stays the same through the 
years, you select pipe solely on the 
basis of desired capacity. You don’t 
waste money by specifying over-sized 
pipe in order to allow for future 
“shrinkage.’”” When your pipe line’s 
coefficient of flow stays high, you don’t 


NO NEED 


to specify over-sized pipe... 


<=> NO WORRY 


over low flow capacity . . . 


NO NEED 
to buy bigger and bigger pumps. . . 


...When you protect pipe lines 
with BITUMASTIC’ 70-B ENAMEL 


have to replace pumps with bigger ones 
that cost more to buy and operate. 
Bitumastic 70-B Enamel is equally 
effective in protecting exterior sur- 
faces of pipe lines. It prevents pitting 
and leakage caused by soil corrosion. 
Give your steel pipe lines lasting pro- 
tection, inside and out, with Bitumas- 
tic 70-B Enamel. Write for details. 


KOPPERS COMPANY, INC., Tar Products Division, Dept.306T, Pittsburgh 19, Pa. 
District Offices: Boston, Chicago, Los Angeles, New York, Pittsburgh, and Woodward, Alabama 


wie ‘BITUMASTIC 

‘a 


Fair Weather or Foul... 
No Water Can Enter 
Head to Freeze, 

No Sediment Can Reach 
Operating Thread 


MATHEWS 


HYDRANTS 
Made by R. D. Wood Company 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in 
sand molds) and R. D. Wood Gate Valves 


@ The stuffing box plate, cast 
integral with the nozzle sec- 
tion, covers the entire area of 
the head and, with the pack- 


ing, prevents water from 
reaching the operating thread. 
This means no rust can form 
and no sediment can be de- 
posited on the thread to wear 
and destroy it. 


@ No matter how cold the 
weather, the stem thread can- 
not freeze to the nut, nor can 
ice form inside it to interfere 


with closing the hydrant. 


@ Community fire protection 
is assured with the installa- 
tion of Mathews Hydrants 

vital links between hose and 


water main. 


No Other Hydrant 
Offers So Many 
Essential Features 


Compression type valve prevents 
flooding « Head turns 360° » Re- 
placeable head + Nozzle sections 
easily changed + Nozzle sections 
easily raised or lowered without 
excavating « Protection case of 
“Sand-Spun” cast iron for strength, 
toughness, elasticity + Operating 
thread only part to be lubricated 
e All working parts contained in 
removable barrel « A modern bar- 
rel makes an old Mathews good as 
new « Available with mechanical- 
joint pipe connections 
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for inserting control valves where 
a shutdown is impractical 


H-800 INSERTING VALVE 


New smaller valve sleeve 
permits fast, easy installa- 
tion in minimum space. 
Valve mechanism is the 
same as standard Mueller 
ate valve (repair parts in- 
Sizes 4”, 
=”, and 8” (sizes of valves 
= correspond to size of main). 
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DRILLING MACHINE 


The C-C hand-operated or C-1 

\ power-operated machine may be 
used for both drilling the main 
and inserting the valve plug. 
The C-1 machine may be oper- 
ated either by the H-600 Air 
Motor or the new H-602 Gaso- 
line Engine Drive Unit. 


INSERTING 


An assembly of pressure coming 
ing units plus a slide valve. Per- os 
mits the drilling of the main and 
inserting of the valve plug, eas- 7 
ily and safely, with no water 
loss. 


Write for Catalog H-20 and 
H-602. Complete illustrated in- 
struction manuals and parts list 
shipped with equipment. 


MUELLER CO. 


Dependable Since 1857 


MAIN OFFICE & FACTORY DECATUR. ILLINOIS 


‘ INSERTING a VALVES AND EQUIPMENT 
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...MEN AT WORK! 


Beneath the surface of this undisturbed 
street in Washington, D. C. men are 
at work . . . reconditioning water 
pipelines with the Centriline process. 
Above ground, traffic flows smoothly 
. unobstructed by the usual 
men, machinery and excavations. 
Because the Centriline process 
centrifugally applies cement-mortar 
lining to pipes in place, excavation 
time, overall costs and interruption to 


street traffic are kept at an absolute 
minimum. Couple these advantages 
with the fact that Centrilining 
permanently prevents corrosion and 
tuberculation, increases carrying 
capacity, reduces pumping costs, gives 
new pipe service at a fraction of the 
cost of new pipes, and you have the 
reason why more and more city 
engineers and officials are specifying 
Centriline for their pipeline projects. 


CEMENT-MORTAR LININGS FOR PIPES IN POSITION 


2,298,688 FEET 


+) OF EXPERIENCE 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Company 
140 CEDAR STREET, NEW YORK 6, N. Y. 


Branch Offices in Principal Cities of United States and Latin America 
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Make a place in your set-up for Badger 
Meter Testers. You need them... 1 — 
Because they faithfully record meter accu- 
racies and help you to increase revenue... 
2 — Because, with their Visible Rate-of- 
Flow Indicators, they accurately indicate 
rates of flow from 1/16-gallon to 160 gal- 
lons per minute . . . positively, not just 
proportionally ... 3 — Because they act 
as insurance against water revenue losses. 
BADGER METER TESTERS are the only 
completely equipped testers made. NO 
EXTRAS TO BUY. 

Four sizes available . . . to handle two, 
four, six or eight 53-inch meters of any 
make, as well as varying quantities of 


Eight-station 
Meter Tester 


ADVANCED BADGER ENGINEERING 


BADGER METER MFG. CO., Milwaukee 45, Wis. 


Branch Offices: New York City @ Philadelphia © Worcester, Mass. © Savannah, Ga. 


larger sizes up to and including 2-inch. 
Depending on your requirements you may 
select any of these four combinations of 
BADGER METER TESTERS...1—With 
BOTH large and small Visible Flow In- 
dicators and BOTH 10-gal. and 100-gal. 
calibrated tanks; 2—With large indicator 
only; 3 — With small indicator only; 
4 — Without either indicator. 

Spacer pipes are furnished for fill-in when- 
ever it is necessary to test fewer than the 
total meter-capacity of the tester. 

In every detail BADGER METER TEST- 
ERS are soundly engineered to serve you 
long and accurately. Write for further in- 
formation and prices. 


Cincinnati © Kansas City © Waco, Texas © Salt Lake City, Utah 


Guthrie, Okla. © Seattle, Wash. © Los Angeles 


**MEASURING THE WATER OF THE WORLD"’ 
FOR ACCURACY © LOW-COST MAINTENANCE © DURABILITY © SENSITIVITY 
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Keep B-I-F Industries Equipment in the picture 
for precise metering, controlling, and feeding. 


NEW ENGLAND REPRESENTATIVES: 
HENRY M. MAUTNER, Manager 
G. H. LAMPREY — Maine & 
a R. H. GRUNER — New Hampshire and Vermont 
JOHN M. D. SUESMAN — Rhode Island and Eastern Massachusetts 
L. S. BRICE, JR. — Western Massachusetts 
F. A. —- Connecticut 


FOR YOUR CONVENIENCE: 
Boston office —832 Little Building, 80 Boylston Street, Boston 16, 
Mass. Telephone : HAncock 6-1060. 
Home office —345 Harris Ave., Providence 1, R. |. Telephone 
GAspee 1-4302. 
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FAIRBANKS-MORSE SERVES 
HISTORICAL CONCORD 


3 Stage Fairbanks, Morse-Pomona 


The Fairbanks, Morse Fig. 6977, water lubricated, deep well turbine 
pump, pictured above has been supplying water to the town of Concord 
faithfully since its installation in 1949. 


Set in a 24” gravel packed well, 75 feet deep and using a combination 
drive—electric motor, gasoline engine and right angle gear, the pump 
normally operates at 700 GPM at 150’TDH but can, and has, supplied 
Concord’s entire demand of 960,000 GPD. 


A trained Fairbanks, Morse Engineer is on hand to help solve YOUR 
pumping problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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New England Water Works Association 


ORGANIZED 1882 


Vor. LXVII Marcu, 1953 No. 1 


This Association, as a body, is not responsible for the statements or opinions of any of its members 


FORESTRY OPERATIONS ON THE SCITUATE 
RESERVOIR WATERSHED 
BY WILLIAM F. COWEN* 


[Read April 17, 1952.) 


The watershed of the Providence water-supply system is an area 
of 92.8 sq. mi., located in Providence County, Rhode Island. Of this 
drainage area, approximately 16,000 acres in the towns of Scituate, 
Johnston and Foster are owned by the city of Providence, to provide 
the necessary sanitary control over the reservoir system. As 3,600 
acres are devoted to water storage, there remains an area of approxi- 
mately 12,400 acres for forestry purposes. 

The area itself lies within the eastern hardwood region and the 
forest cover is characterized by a predominance of white, black and 
red oaks, with a scattering of white ash, red maple and hickory. It 
would appear that the area originally supported extensive stands of 
white pine. However, fire, hurricanes and poor cuttin , practices have 
practically eliminated the natural pine stands. Almost all of the water- 
shed has been cut over and it is obvious that the hardwood stands 
will not begin to produce lumber for another 40 years. Since we are 
confronted with large areas of young stands, both hardwood and soft- 
wood, forestry practices will tend toward timber-stand improvement 
as to species and quality in the hardwood stands, and toward an in- 
tensive thinning program and release operations in the pine plantations. 
The practical yield of this forest area will be pulpwood and cordwood, 
until the natural hardwood stands and pine plantations have reached 
a size where profitable saw-timber yields may be anticipated. 

The primary problem of forest management will be the building- 
up of the growing stock in hardwoods and the maintenance of even 
rate of growth in the pine plantations. As far as soils are concerned, 
Providence County lies in the glacial region of the northeastern 


e Water Bo ard, Fountain St.. Providence, R. 
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FORESTRY OPERATIONS ON SCITUATE WATERSHED 


United States. The soils have developed under a forest cover, and 
are largely derived from materials accumulated through glacial ac- 
tion and deposited by receding glaciers as till or by the melting glacier 
as outwash. 


The soils on the reservation can be divided roughly into two 
classifications : 


(1) Soils developed largely from granitic material; 
(2) Droughty soils of the kames. 


Of the two, the upland soils developed from glacial till are by 
far the more productive from a forestry standpoint, and excellent 
hardwood and pine growth is observed on these soils. The soils of 
the kames present another problem, as these are characterized by a 
low moisture-holding capacity and high leaching. 

It has been found that white-pine plantations on the kame soils 
are subject to very intensive weevil damage, with the attack reaching 
100% of the stand in many cases and rendering the wood largely 
useless from a saw-timber standpoint. Red pine on the same area 
will exhibit fairly good growth and present plans calls for open-field 
planting with red pine. 

It is impossible sufficiently to emphasize the fact that tree re- 
quirements must be matched with the ability of the soil to supply 
these requirements. Trees not adapted to the site upon which they are 
planted will exhibit slow growth and will be subject to extreme 
disease and insect attack, due to their low vigor. Such mismatching 
of tree to site will also result in the production of only the lower- 
grade forest products, such as pulpwood, due to the fact that the 
stand is characterized by deformed, unhealthy trees, which in most 
cases will never produce high-grade saw-timber. 


WATERSHED RESEARCH 


Before describing our forestry and related operations, I should 
like to cover some aspects of watershed-research management. 
During the summer of 1951, I was very fortunate in being able to 
visit the Coweeta Experimental Forest in North Carolina. This forest 
has natural climatic and physiographic features which are admirably 


a 2 


WILLIAM F. COWEN 


suited for watershed research. The annual rainfall of 77 in. is well 
distributed throughout the year, while an average of 100 storms a year 
allows the collection of an abundance of data in a short time. The 
4,000-acre forest is the typical hardwood forest of much of the eastern 
United States and contains 28, independent, gaged drainage areas. 

So far, research has been entirely basic, and has been limited to 
determining stream-flow characteristics from natural forested water- 
sheds and the influence of forest and forestry practices on water 
resources. As a forester directly concerned with watershed manage- 
ment, I was very much gratified to find that research in this field 
has been initiated, and that eventually watershed forests will be 
managed for the dual purpose of maximum water production and 
high-grade forest products. 

It would seem feasible, especially in mixed hardwood stands, 
that during thinning operations we might favor those hardwoods 
which transpire the least water and remove the heavier water users. 
Before such management can be initiated, research must determine 
the different transpirational capacities of the various tree species. 
Another form of treatment might be the outright removal of woody 
vegetation, growing directly in streams or on adjacent stream banks. 
It is possible that spraying of such stream vegetation to cause leaf 
fall might increase water production during times of drought. 

The establishment of a strip of conifers on land immediately ad- 
jacent to impounding reservoirs has been recommended by various 
authorities, to reduce hardwood-leaf fall into the reservoirs. In ac- 
cordance with this recommendation, a 100-foot strip, surrounding 
the Scituate Reservoir, was planted with various species of pine and 
spruce. These plantings are now 14 years old, and we are faced with 
the very practical economic problem of a release cutting, to remove 
intense hardwood competition, or suffering the loss of 50-60% of these 
plantings. Due to the severity of the hardwood competition, it proba- 
bly will be necessary to perform a minimum of two release cuttings 
at a cost of $20 to $30 per acre, or $240 to $360 per mile. With a 
36-mile shore-line, we are confronted with an immediate expenditure 
of approximately $10,000, in order to perpetuate this 100-ft coniferous 
strip. I do not doubt that such a strip is valuable, but from a practical 
standpoint it is a costly procedure by artificial means. 
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FORESTRY OPERATIONS 


When the reservoir was placed in operation in 1925, the problem 
of the most practical utilization of condemned farm land arose. 
Rather than wait 60 years for nature to reforest the land, an extensive 
planting program was initiated. To date, more than 6 million trees 
have beer. planted on the reservation. The most extensive plantations 
are of red and white pine. However, white and Norway spruce, Aus- 
trian, Jack and Scotch pine and Douglas fir have all been established. 
It is interesting to note that these plantations were the first in the 
State of Rhode Island and have since proven the economic feasibility 
of establishing such plantations on land which is not suitable for farm- 
ing or grazing. 

The initial 1925 plantings of red and white pine have now reached 
a stage of development where thinning operations are necessary, if a 
satisfactory rate of growth is to be maintained. Over the past two 
years, an intensive thinning program has been initiated, which has 
resulted in the production of over 2,000 tons of pine pulpwood. Re- 
turns from this program are approximately $10.00 per acre. 

It has been observed that the 25-year-old pine plantations are 
carrying between 30 and 40 cords per acre. By removing approxi- 
mately 8 cords per acre, the stand is being benefited by reduction 
of light and root competition and the removal of poor-form, low- 
quality trees. The trees to be removed are marked by the Water 
Supply Board Forester on the basis of tree form, vigor and spacing. 
Volume removal is usually limited to no more than 1/3 of the total 
volume of the stand and, in many cases, it is less than the stated one- 
third. It probably is better to make a series of light thinnings every 
5 years rather than heavy thinnings which would not allow another . 
cutting operation until 10 to 15 years later. The ideal thinning leaves 
a maximum number of trees per acre which can completely utilize 
the available supplies of moisture and mineral nutrients. 


Thinning methods on the watershed usually fall into two cate- 
gories: 


(1) In alternate-row red- and white-pine plantations, it is usually 
necessary to remove the white pine almost completely, due to 
the more rapid growth of the red pine, accompanied by heavy 
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weeviling of the white pine, which kills the white-pine leaders 

and allows the red pine to overtop and suppress the white. 
(2) In pure stands of red or white pine, tree marking is entirely on 
the basis of form, vigor and spacing, on a selective basis. 


It is interesting to note that the pulpwood contractors prefer 
to work a selectively marked stand, rather than a row-marking oper- 
ation. In the latter, the accumulation of slash in the row causes con- 
siderable difficulty in the removal of pulpwood by present methods. 
A selectively marked stand gives more freedom of movement through 
the stand, rather than containing them between two unbroken rows 
of trees. 

Another interesting point in municipal watershed forestry is the 
comparison between the use of municipal labor and that of private 
contractors. Comparative costs were studied on two adjoining plan- 
tations, being worked fer pulpwood—one operation being handled 
with municipal labor and the other by a private woods operator. It 
was found that under the municipal labor plan, it was costing the city 
of Providence $40.00 per acre, whereas under the ‘“‘stumpage sale” 
system to a private operator, the city was realizing a profit of $10.00 
per acre. On the basis of this study, pulpwood and cordwood oper- 
ations are now handled entirely on a stumpage basis. It is apparent 
that municipal laborers on an hourly basis cannot compete with ex- 
perienced woods workers, operating on a piece-work basis. 

The greatest benefit stemming from the use of private operators 
in the cutting operations has been that of releasing the city crew for 
the very important cultural aspects of forestry on a young forest. 
The city crew now is able to devote its time to release cuttings in 
young plantations, crop-tree pruning, planting, roadside fire-hazard 
reduction, and woods road maintenance and improvement. 

Release cuttings are often necessary in young plantations. Hard- 
woods, with their faster initial growth, will overtop and suppress the 
young conifers, if allowed unrestricted growth. In release operations, 
those trees which are threatening the conifers are cut at any con- 
venient height and the slash is scattered over the area worked. By 
the expenditure of $10.00 to $20.00 per acre, it is possible firmly to 
establish the pine in a dominant growing position, rather than risk 
overtopping of the pine and loss of the initial expense of planting. In 
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Rhode Island it is especially important, from a marketing standpoint, 
that release cuttings be promptly and effectively initiated. Pine pulp- 
wood is readily saleable and will give a return in 20 years, whereas 
hardwood, due to an almost complete lack of a profitable market, 
is not easily saleable until it is 40 years of age. 

In the natural hardwood stands of the area, forestry manage- 
ment presents a somewhat different problem. Fire, hurricanes and 
cutting have reduced hardwood stocking to a very low point, and 
present plans call for very little cutting in these areas, until stand 
density builds up to an acceptable standard. 

Clear-cutting of hardwood is a reasonable practice, wherever 
pine of sufficient size and stocking occurs as an understory, and on 
soil that will grow good pine. In most cases hardwood of low quality 
and vigor is removed, in order to make way for a crop which can 
better utilize the site and is more valuable economically. Clear-cutting 
hardwood over pine has provided 150 cords of firewood during 1951- 
1952. 

MARKETING 


In an area such as Rhode Island, where wood products are not 
an integral part of the economy, it is extremely difficult to find out- 
lets for wood products. Rhode Island forests have been overcut, 
blown down and burned, with the result that most of the cover is 
immature and not capable of yielding saw-timber. Such a condition 
calls for a market that will absorb a large volume of low-grade forest 
products. This type of market does not exist, and it is extremely 
difficult to move wood derived from thinning and improvement cut- 
tings at any sort of profit to the wood owner. 

The one market that exists and is capable of absorbing some of 
this low-grade wood has a virtual monopoly, and is in a position to 
dictate prices for material by virtue of being the only available out- 
let for this wood. The condition is definitely undesirable. Prices at 
the mill are subject to extreme fluctuation, depending on the supply 
of wood on hand; and in many cases stumpage and piece-work pay- 
ments have to be recalculated by the time the wood arrives at the 
mill. At other times, this outlet is shut off completely for a week or 
more at a time. Since the pulpwood operators gain their living from 
this market, their livelihood becomes very unstable. 
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WILLIAM F. COWEN 
A small market exists for firewood, but again the price is low 
and, in order to show a profit, it is necessary to cut the hardwood 
in volume. Any ordinary thinning on a marked-tree basis for firewood 
would be inoperable, due to two causes: 


(1) The operator must remove large quantities to make a profit. 

(2) On a watershed forest, the primary consideration is that of 
maintaining a good cover on the area, which delinitely pre- 
cludes the removal of large volume. 


The only way in which this market can be utilized is by clear- 
cutting inferior hardwoods which are suppressing good young pine. 
In this way, the stands can be operated at a profit, while good forestry 
practices are followed. In spite of the drawbacks, we still are very 
fortunate in having these markets available. 

In addition to pulpwood and cordwood, it was deemed advisable 
to try to develop markets for other products of the land. To date we 
have established three other markets which, although using small 
quantities at present, possess the potentialities of absorbing, at a 
profit, material which otherwise would not be utilized. 

The first of these is the product of roadside pine and spruce 
prunings. Formerly the slash was chipped or burned, in order to effect 
disposal. At the present time a private operator has been located 
who uses these branches for Christmas decorations. Although the 
market exists only at Christmas time, last year 180 bales of ever- 
green boughs were disposed of, and the future outlook is for an annual 
production of 500 to 800 bales. No expense is involved for the city, 
as sales are conducted on a set charge per bale removed. 

Another small market, capable of absorbing quantities of other- 
wise unusable material, is that of witch-hazel brush. Last year 60 tons 
of this material were removed on a ‘“‘stumpage sale”’ basis at a profit. 
Witch-hazel sprouts very readily and it is anticipated that the areas 
worked last winter will be available for cutting again in ten years. 

The third market is concerned with the swamps which are an 
integral part of any watershed. In many cases swamps which do not 
support trees will have a very dense cover of sphagnum moss. This 
moss is very desirable for nursery work and is also used by florists. 
The sphagnum moss in the swamps is sold by the swamp, the labor 
for removal being furnished by the contractor. Several of our swamps 
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will be operated this spring and, since the harvesting removes only 
the tops, it is anticipated that they can be worked every five years. 
Returns from this sphagnum-moss culture will probably not exceed 
$20.00 per acre. 

In conclusion, I should like to state that, even though the market- 
ing situation does not look very encouraging for the near future, 
good forestry practices will continue to be employed on the Scituate 
watershed. The majority of our cutting operations have been per- 
formed at a profit and we feel that, if a profit can be made in an 
unfavorable market, the high-grade wood products for which our 
stands are being managed will be increasingly valuable when better 
markets become available. 
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THE OPTIMUM VEHICLE FOR FLUORIDATION—WATER 
OR MILK?t 


BY J. E. McKEE* 


[Read at Superintendents’ Round Table, September 9, 1952.) 


The practice of adding fluorides to municipal water supplies, as 
a prophylactic measure to minimize dental caries, has gained wide 
acceptance in recent years. Moreover, it is being urged upon many 
reluctant water-works authorities by an aroused public. By mid-1951, 
according to Cox (1), fluoride was being added to 82 supplies, serving 
a total population of 1,700,000, and approval had been granted for 
fluoridation of 95 other supplies, to serve nearly 6,000,000 persons. 
Today, almost every water-works superintendent in the country is 
faced with the problem of whether to fluoridate or to try to resist the 
landslide toward this practice. 


Advantages of Water Fluoridation 


The enthusiasm for fluoridation of public water supplies is not 
without reason or merit. Already there are scores of papers in the 
water-works and public-health literature that attest to the fact that 
the presence of natural fluorides up to 1.0 to 1.5 ppm, or the addition 
of artificial fluorides to water supplies so as to produce concentrations 
of 0.8 to 1.2 ppm, is associated with 50 to 60% reductions in the 
prevalence of dental caries. This effect is shown most dramatically 
by Dean, Arnold, and Elvove (2), who plotted the incidence of 
dental caries in permanent teeth of 7,257 children in 21 cities against 
the fluoride content of the public water supplies. Furthermore, it 
appears to be well established that the presence of 1.0 ppm of fluoride 
ion in water is not detrimental to the teeth and bone structure of 
children or adults; nor does it produce unfavorable reactions or effects 
in industrial process waters used for soft drinks, brewing, food 


*Associate Professor of Sanitary Engineering, California Institute 
Affiliate of Camp, Dresser & McKee, Consulting Engineers, Boston, Mass 
{This paper, written in December, 1951, was published originally in the Journal of the Maine Water 


Utilities Association, March, 1952, and in Engineering and Science Monthly (at Caltech), April, 1952, 
in substantially the same form as presented herein. 


of Technology, Pasadena, Cal.; 
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processing, metal plating, chemical industries, etc. Only in the manu- 
facture of ice has fluoride been troublesome and this effect can be 
overcome by proper control of the process. Thus, the evidence in 
favor of fluoridation of public water supplies seems to be so positive 
and so overwhelming that many people cannot understand why it 
should not be put into effect immediately at all municipal water works. 


Objections to Water Fluoridation 


There are other sides to the problem, however, and like the argu- 
ments in favor of fluoridation those in opposition have a certain logic. 
Natural resistance arises from the water-works superintendent whose 
supply originates in numerous wells or surface sources, each of which 
must be equipped with proportional-feeding fluoridating devices. 
Scott (3) estimates that the cost of equipment for each source of 
supply will vary from $1,000 to $15,000. As an example of this 
problem, consider the water supply of San Bernardino, Cal., which 
originates in 17 separate well fields and surface streams, all of which 
are pumped directly into the distribution grid with reservoirs floating 
on the system throughout the city. The initial cost of fluoridating 
equipment, appurtenances and housing for this city is estimated at 
$200,000, not to mention the problems of servicing and maintaining 
the equipment. Such a cost, to be sure, is a small fraction of the 
total water-works value and can be readily amortized. On a national 
basis, the total operating and amortized investment cost of fluorida- 
tion has been estimated (4) at 5 to 15¢ per capita per year, but for 
San Bernardino the annual cost of amortization alone (at 3‘7 interest 
for 20 years) would be $13,500, or about 26¢ per capita. To this 
must be added the cost of extra servicing and maintenance as well as 
chemicals. It is understandable, then, that the complexity and mag- 
nitude of such multiple installations cause the public officials to think 
twice before committing the city to fluoridation. 

An argument against fluoridation of public water supplies arises 
from the fact that only a small proportion of the water is consumed 
by children, to whom fluoridation will be advantageous. Thus, if a 
city uses 150 gpd per capita, only about 0.3 gpd will be consumed 
by the average person, or about 0.27 of the supply. On the assump- 
tion that 20% of the population consists of children in the ages dur- 
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ing which fluoride affects teeth, only about 0.04% (four ten-thou- 
sandths) of the added fluoride would be serving a useful purpose. 
Most of the remainder would be flushed or drained into the sewer, or 
used for garden watering or car washing. 

The third and perhaps most vociferous objection comes from 
Christian Scientists and other religious groups who balk at ‘mass 
medication”. The same type of opposition rose several decades ago, 
when proposals were made to add iodine to water supplies, to counter- 
act tendencies toward goiter; but fortunately this argument abated 
with the introduction of iodized salt, the use of which is optional. 
While many public-health-minded citizens may be exasperated by 
such opposition of minority religious groups, few of them wish to 
violate the concepts of religious freedom or to incur the ill will of 
fellow citizens. 

Another reason for urging caution in the hasty adoption of water 
fluoridation arises from the uncertainties and irregularities of water 
consumption by childen. Maier (5) points out that the degree of 
caries protection and the severity of fluorosis varies (within limits) 
with the fluoride intake, and this in turn is dependent upon the amount 
of fluoridated water consumed, inasmuch as food is a small contrib- 
utor. Consumption of water, in turn, hinges upon the temperature 
and relative humidity of the locality, and the season of the year. To 
determine the optimum rate of fluoridation, it has been suggested that 
the highest concentration be used that will produce no more than the 
mildest degree (10% incidence) of dental fluorosis. At Charlotte, 
N. C., according to Maier, the fluoride level in the water supply is 
altered from month to month to correlate inversely with water con- 
sumption, varying from 1.1 ppm fluoride in January, when consump- 
tion is a minimum, to 0.6 ppm in July, when consumption is a 
maximum. 

In his thorough study of food and water requirements of children 
from one to 12 years old, McClure (6) states: “Drinking of water 
is a variable factor, especially among children, whose drinking habits 
are greatly influenced by muscular activity as well as by atmospheric 
temperature and humidity. It is likewise true of children’s diets espe- 
cially that the requirement of water is met largely by preformed water 
in the food or by liquid food, particularly milk. The water deficit 
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made up by drinking water may be a relatively small fraction of 
the total daily amount of water ingested.” That the water consump- 
tion varies widely from child to child and, for the same child, from 
day to day and season to season is evident to all parents. Very few 
observers of children’s habits cite specific data to show the magnitude 
or the variation of the quantities of water consumed. It is this ex- 
treme variation in water consumption that may account, in part, for 
the dental fluorosis in some children, while others in the same com- 
munity have numerous Caries. 


Alternate Vehicles 


Granted, then, that the objections to fluoridation of public water 
supplies have some merit, is there any way that the aforementioned 
advantages of fluoridation can be achieved without the disadvantages? 
To answer this question it is necessary to investigate other vehicles, 
especially pills, dentifrices, chewing gum, salt, solid foods, and milk. 
The first four of these can be ruled out quickly for obvious reasons. 
Fluoridated pills and tooth powders, already on the market, reach 
a very small segment of the population even when highly advertised. 
Chewing gum is not an aesthetic way nor a reliable means to promote 
prophylaxis. Fluoridated salt would provide fluorides for adults, to 
whom it would be of little advantage, but very few children like salt 
on their foods, nor could careful control over the dosage be exercised. 
The selection narrows, therefore, to food and milk. 

The fluoride contents of meats, fish, hen’s egg, cow’s milk, citrus 
fruits, non-citrus fruits, tea, cereals and cereal products, vegetables 
and tubers, miscellaneous substances, and wine have been tabulated 
by McClure (7). With the exception of seafoods and tea, the majority 
of foods found in the average diet contain from 0.2 to 0.3 ppm or less 
of fluoride in the food as consumed, and consequently the average 
diet exclusive of drinking water appears to provide 0.2 to 0.3 mg of 
fluoride daily. Tea was found to contain as high as 398.8 ppm of 
fluoride in the dry tea, with average values of about 100 ppm, 75% 
or more of which is extracted by boiling water. At 100 ppm, one tea 
ball alone would provide approximately 0.2 mg of fluoride. Unfor- 
tunately, in this respect, children under 8 years of age seldom drink 
tea. Nor is seafood generally a favorite of the younger set. 
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Attempts have been made (7) to increase the fluoride content of 
vegetables, fruits and grains by adding calcium fluoride to the soil 
or water in which the plants are grown. The results demonstrate, 
however, that the fluoride content of the soil or water has little or no 
influence on the fluoride content of leaves, fruit or roots. Hence, the 
possibility of increasing the fluoride content of solid foods, other than 
by the addition of fluoridated salt, appears to be remote. The search 
narrows further, then, to liquid foods that are acceptable to and pre- 
ferred by children, or, in other words, to milk. 


Milk as a Fluoride Carrier 


The fluoride content ef cow’s milk, with no unusual fluoride in 
the cow’s ration of drinking water, varies from 0.07 to 0.55 ppm, 
with a median value of 0.10 to 0.20 ppm, according to McClure (7). 
Furthermore, the addition of fluoride to the cow’s ration or drinking 
water has no appreciable influence on the fluoride content of the 
cow’s milk, the added fluoride probably being excreted in feces, urine 
and perspiration, as it is for humans (8). 

Inasmuch as the natural fluoride content of milk is too low to 
provide an adequate dietary supplement in the volume normally con- 
sumed by children, serious consideration should be given to artificial 
fluoridation of bottled milk. Such consideration involves questions 
of assimilation of milk-borne fluoride, quantities and variations of 
daily consumption, effects of fluoridation on the palatability and 
nutritive value of milk, universal application, cost, and reception by 
the public. 


Assimilation of Milk-borne Fluorides 


To be effective in reducing dental caries, it is apparent that 
fluorides must be assimilated and must be carried in the blood stream 
to the tooth buds during the formative period. Mere contact of weakly 
fluoridated water with exposed enamel of fully formed teeth seems 
to have little, if any, prophylactic value, although the topical appli- 
cation of a strong 2% solution of sodium fluoride has been effective 
in reducing dental caries in 7- to 17-year-old children by 40% (10). 
For these reasons it is desirable that optimum fluoride intake be 
maintained during the ages from 1 to 10 years and that the fluoride 
be in a form that can be assimilated. 


OPTIMUM VEHICLE FOR FLUORIDATION 


It appears that natural fluorides in food and milk, or artificial 
fluorides added thereto, are largely available for assimilation. In 
fact, McClure (9) showed that when no control was exercised over 
eating and drinking habits, there were no indications of a difference 
in total assimilation by young rats of water-borne versus food-borne 
fluorides. 

In other tests, McClure, Mitchell, Hamilton and Kinser (8) added 
3.50 to 6.00 mg of fluoride per day in the form of NaF, CaF., mineral 
cryolite, and bone meal to the food or water of five young men, and 
measured the fluoride eliminated via feces, urine and perspiration. 
The results showed that about 13 to 55% of the ingested fluoride 
remained in the feces and hence was not assimilated. Maximum 
assimilation (80 to 90%) occurred from NaF in food and water, 
and from CaF, in water, while less fluoride was assimilated from 
cryolite and bone meal. Of the assimilated fluoride, about 50 to 80% 
appeared in the urine and 20 to 50% in the perspiration, depending 
upon muscular activity, temperature and humidit, The total daily 
intake, even at these high rates of ingestion, appeared to have been 
eliminated practically 100%. 

The foregoing tests lead to the assumption that NaF or CaF, 
added to milk would be available for assimilation as readily as the 
fluorides added to drinking water, and that in concentrations of 1.0 
to 1.5 ppm almost all assimilated fluorides would be eliminated 
from the body rather than accumulate in bones or tissues. It has 
been demonstrated (16), moreover, that food-borne and water-borne 
fluorides both have inhibitory effects upon dental caries in rats and 


both cause mottled enamel when concentrations exceed 1.5 ppm of 
fluoride. 


Quantities and Variations of Milk Consumption 


Milk consumption by children is subject to far less variation, by 
age, sex, season or climate, than is water consumption. Dairies in 
large cities report that liquid milk consumption is about one pint per 
capita per day for the entire population and it is estimated that the 
average child consumes about 1.5 pints per day. Most children from 
2 to 8 years of age drink a glass of milk at each meal and possibly 
a mid-afternoon or mid-njorning glass. Moreover, milk consumption 
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by children does not change much with season, temperature or humid- 
ity, for children tend to vary their water consumption instead. The 
more-uniform consumption of fluoridated milk than of water should 
tend to reduce the variations in total fluoride intake from child to 
child and from season to season and thereby should minimize the 
probability of dental fluorosis in one child while another in the same 
community has a deficient fluoride intake. 


There are some children, to be sure, who do not drink milk, but 
they are relatively few in number. Deliveries of bottled milk in most 
metropolitan areas cover wider territories than do the municipal water 
supplies; in fact, many rural areas throughout the nation are well 
served with bottled milk. In Los Angeles County there are reported 
to be over 500 municipal and private water companies supplying 
domestic consumers, with hundreds more in contiguous areas; yet 
the Los Angeles telephone directories list less than 70 major milk 
distributors. To reach a high proportion of children through the few 
dairies would be infinitely more certain than to try to do it through 
the numerous water supplies. Similar examples can be cited for many 
more metropolitan areas, where a few large milk companies reach far 
beyond the limits of the water-distribution systems. 


Palatability and Nutrition 


Any detrimental effects of fluorides upon the palatability and 
nutritive value of milk remain to be demonstrated. Inquiries of local 
dairy research staffs and biochemists at local universities have failed 
to uncover any arguments or proof to show that the addition of 0.8 
to 1.0 ppm of NaF would alter the taste, nutritive value or enzymes 
of milk. The writer has been adding 0.5 ppm of fluoride in the form 
of NaF to the milk used by his family, including three children, and 
has yet to notice any change in the palatability of the milk or to 
receive any complaints from the children. This is a matter, however, 
that deserves more thorough consideration and research. 


Cost and Acceptance 
The cost of chemicals for tne fluoridation of milk, up to 1.0 ppm, 


is infinitesimal ($0.000,005 per quart) and the dairies should be will- 
ing to absorb the cost as part of routine operations. If it becomes 
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necessary, however, to increase the cost of milk by 1¢ per quart, most 
parents of small children should be willing to pay the difference, 
considering the ultimate savings in dental bills. It is assumed, more- 
over, that the dairies would then advertise and otherwise attempt to 
promote the sale of fluoridated milk. Thus, we come to the question 
of acceptance of fluoridated milk by the general public. 


It is sometimes surprising how rapidly the public will accept a 
new idea and clamor for its adoption in local communities, especially 
after a few newspaper editorials or advertisements or an article in 
Life, Reader’s Digest, or a similar national magazine. That the 
public should oppose the concept of fluoridated milk, especially when 
its purchase is optional, seems inconceivable. Dairies could advertise 
the availability of fluoridated milk for families with small children, 
pointing out that regular milk is still sold for adults or for those 
who object to fluoridation. This optional feature should appeal to 
religious groups who now oppose water fluoridation. 


Summary 


This presentation of the possible case for milk rather than water 
as the optimum vehicle for fluoridation is intended not as a firm 
indorsement thereof, but rather as a stimulant for further thinking 
and research into the matter. The many arguments in favor of milk 
as a fluoride carrier are so enticing that some action should be taken 
by research agencies, either to confirm or to discredit them on the 
basis of sound fundamental data. The author urges such research 
and welcomes any logical criticism or reasons in opposition to the 
ideas propounded in this paper. 
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DIscUSSION 


Frank E. Law,* D.D.S., M.P.H.—This paper attempts to en- 
courage what M. Starr Nichols described in 1948 as “a forlorn hope 
that some other means of supplementing the deficient fluoride intake 
may be found” (1). 

“The addition of fluorides to flour, milk, salt or other common 
articles of diet has been contemplated,” Professor Nichols said, ‘but 
no method thus far seems so safe, adequate, and economical as the 
fluoridation of water—safe, because not enough water containing 
1 ppm of fluoride could be drunk to cause the least harmful effect; 
adequate, because every child, regardless of social, educational, or 
economic status, would be able to benefit without effort on the part 
of his parents; economical, because it costs only about ten cents per 
person per year.” 

Professor McKee, on the other hand, attempts in discussing water 


fluoridation to revive five arguments used 25 years ago against water 
chlorination: 


Feeders cost money. 
2) We don't have enough chemical. 

3) We don’t drink all the water treated. 
4) This is mass medication. 

5) Individual water consumption varies. 


Now, let’s explore these objections in some detail. 


To begir with, it is true that feeders cost money, but not nearly 
as much money as McKee believes. In September, 1951, the Wiscon- 
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sin State Board of Health published data on the actual cost of install- 
ing fluoridation equipment in 29 Wisconsin communities (2). The 
cost varied from $600 at Soldiers Grove, with a population of 855, 
to $4,704 at Racine, where the population is 71,464. In towns where 
there were several sources of water supply, with separate feeder units 
required at each source, the cost varied from $500 to $1,115 per 
feeder unit. Usually in such cases only the smallest and least expen- 
sive types of feeders were needed at each source. The Wisconsin 
data are amply supported by other reports on fluoridation costs 
(3, 4). 

In regard to Professor McKee’s second point, it is not true that 
fluoride is scarce.* In fact, there is enough of the chemical now avail- 
able, at just the present rate of phosphate salt production, to add 
1 ppm of fluoride to every water supply in the United States (5). 

As for the author’s third argument against water fluoridation, it is 
quite true that we don’t drink all the water pumped from our water 
treatment plants. For many years, however, we have considered it a 
sound investment to chlorinate all of the 150 gpd per capita pumped 
by a typical city, in order to prevent contracting one of the enteric 
diseases from the 0.3 gpd consumed by the average person. We have 
considered the investment a sound one, even though the thing we 
are guarding against—pathogenic organisms—may be present in the 
raw water far less than 20°” of the time. Similarly, it is financially 
sound to fluoridate an entire water supply in order to prevent dental 
disease, particularly inasmuch as the cost of two dental fillings will 
pay each individual’s share of the cost of fluoridation for an entire 
lifetime (7). 

Along this same line, Professor McKee makes a serious error 
when he assumes that fluorides affect the teeth of only 20% of the 
population. It is true that children born and reared on fluoride water 
until the age of eight or ten do receive the greatest benefits (8). 
However, children who first begin using fluoridated water at age ten, 
after their permanent teeth have fully calcified, receive same benefits, 
too, from fluoridation (9). That the benefits of fluoride water extend 
into later life is evidenced by the findings of studies conducted among 


*Editor’s note: (In a slight revision of hie paper prior to publication, the author eliminated this 
“second point’. 
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adults who have lived continuously in natural fluoride areas (10, 11). 
It is reported that at least up to 44 years of age, ‘the observed caries- 
inhibitory effect is essentially similar in pattern and in magnitude to 
that seen in children.” 

Regarding the familiar argument that fluoridation is ““mass medi- 
cation’, if it is wrong to prevent dental disease through fluoridation, 
then it must also be wrong to prevent the enteric diseases through 
chlorination. It seems perfectly obvious that, since both fluoridation 
and chlorination are intended to prevent disease rather than to treat 
it, neither is a form of mass medication. Fluorides will not cure exist- 
ing cavities any more than chlorine will cure typhoid fever. Fluorida- 
tion’s only purpose is to control the concentration of an ion present 
naturally in countless water supplies at the level proved to be most 
effective in preventing dental disease. 

Although Professor McKee is concerned about the “uncertainties 
and irregularities of water consumption by children,’ he agrees that 
Dean’s studies of 7,257 children in 21 cities have proved the efficacy 
of controlled water fluoridation in preventing dental caries, and he 
agrees that 1.0 ppm of fluoride is not detrimental to the teeth or 
bone structure of either children or adults (12). As Dean has pointed 
out, his findings were obtained “under the conditions prevailing in 
the localities studied.”” With such a large number of children and so 
many cities involved, it is illogical to assume that water consumption 
was any more fixed or regular than that of children in communities 
where fluoridation is now being proposed. 

In considering possible vehicles for fluoridation of the daily diet. 
Professor McKee soundly and wisely eliminates pills, tooth paste, 
chewing gum, and solid foods. Finally, he narrows his search to milk. 

Now, I agree it is quite likely that milk-borne fluorides are 
assimilated just as well as those in water. I cannot concur, however, 
with McKee’s statement that “‘to be effective in reducing dental caries, 
it is apparent that fluorides must be assimilated and must be carried 
in the blood stream to the tooth buds during the formative period. 
Mere contact of the fluoridated liquid with exposed enamel of the 
fully formed teeth seems to have little, if any, prophylactic value.” 

This assumption seems far too broad in view of the evidence, 
which I have already mentioned, that teeth benefit from fluoride water 
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beyond the calcification stage, and continuous residents of natural 
fluoride areas retain a substantial amount of protection against tooth 
decay until at least the age of 44 (13, 14). 

Also, it seems rather naive to assume, as McKee does, “that 
the average child consumes about 1.5 pints of milk per day. Most 
children from two to eight years of age drink a glass of milk at each 
meal and possibly a mid-afternoon or mid-morning glass.” 

A four-year study of the food habits of 421 families in Maine 
disclosed that only 30.4% of the children in four communities were 
getting 1.5 pints of milk, or more, per day (15). In a study of 2,551 
individuals it was found that only 40‘ of the children received that 
much (16). And other studies have shown that 1.5 pints is the daily 
milk consumption rate of only 44‘% of the white children in Houghton 
County, Mich.; 24.6% of the negro children in Ferndale, Mich.; 
41.2% of the white and 13.3% of the negro children in Alachua 
County, Florida. Furthermore, “nearly half of the negroes and 22 
per cent of the white group in Alachua County drank no milk” (17). 

The U. S. Department of Agriculture reports that “calcium is 
the single nutrient which was most frequently found to be deficient 
in dietary surveys conducted in United States cities in recent years” 
(18). Low dietary intake of calcium is always associated with low 
milk intake, since dairy foods (milk, cheese, and ice cream) supply 
about 75% of the nation’s available food calcium (19). 

Professor McKee seems to have spent too much time at the 
wrong end of the water distribution system. If you follow the pipes 
into the lower economic areas of a typical city you will find many 
children who, although they get little or no milk, do drink water 
every day. If any group can be said to need protection against dental 
decay more than others, certainly it is the children in low-income 
families and in large families, whose parents are least likely to be able 
to pay for dental repairs. 

As Nichols has stated in regard to water fluoridation, “every 
child, regardless of social, educational, or economic status, would be 
able to benefit without effort on the part of his parents” (20). The 
record demonstrates clearly that a large percentage of the very chil- 
dren who need this protection the most would not get it through the 
fluoridation of milk, even though Professor McKee feels that “most 
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parents of small children should be willing to pay” for any additional 
expense in fluoridating it. 

The American Medical Association and the National Research 
Council have approved the fluoridation of water. But on the basis 
of decisions of the former’s Council on Food and Nutrition and the 
latter’s Food and Nutrition Board, opposition to the fluoridation of 
milk could be expected from both of these organizations. 

The Council on Foods and Nutrition said in its General Decisions 
of 1942 that it was “opposed to the indiscriminate fortification of 
general purpose foods with vitamins or minerals or other dietary 
essentials.”” Among the rare exceptions to this general rule, the Coun- 
cil has cited the fortification of milk with Vitamin D. 

On December 2, 1944, the Food and Nutrition Board made the 
following decision: “The Committee on Milk of the Food and Nutri- 
tion Board does not, at the present time, favor the general fortifica- 
tion of milk with minerals or with vitamins other than Vitamin D.” 

Up to the present time neither group has changed its stand on 
this question. 

I am sure you are quite familiar with the history of the study 
of fluorides, but permit me to review it for you briefly. In 1908 the 
Colorado Springs Dental Society appointed a committee to attempt 
to discover why the majority of the children in that city had brown 
stains on their teeth. They did not find the cause, but they did prove 
that it was the result of something in the drinking water. In 1916 
McKay and Black published the first report on mottled enamel, or 
“Colorado brown stain,” as it was then known. 

It was not until 1931 that H. V. Churchill, a chemist, demon- 
strated by analyses of water samples that excessive fluorides were 
causing the mottling. 

Around 1938 the extensive epidemiological studies of Dean and 
his associates, which I mentioned earlier, established the inverse rela- 
tionship between dental decay and the fluoride content of drinking 
water. Since then, countless laboratory and clinical studies have 
proved this hypothesis and demonstrated the practicality and safety 
of controlled fluoridation of public water supplies. 

As a result, there are now 416 communities, with a population 
of about 8,500,000 persons, adding fluorides to their water supplies. 
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The largest of these is Washington, D. C. (pop. 861,163), and the 
smallest Norwood Village, Wash., with a population of only 150. 


Returning now to the question of milk fluoridation, let me quote 
from a letter sent to the members of the Conference of State Sanitary 
Engineers by their Secretary on June 11, 1952: 

1) .“It is not known whether the addition of fluorides to milk 
is effective in preventing tooth decay, although it is known that such 
addition is effective in water. Further studies of this matter are 
indicated. 

2) “The individual consumption of milk by children varies 
considerably more than their water intake. For economic and other 
reasons, a considerable number of children in some age groups con- 
sume little or no milk. Furthermore, the use of fluorides in milk has 
not been investigated. On the other hand, we do know, on the basis 
of examination of many thousands of children who have consumed 


water varying in fluoride concentration, the amount of fluorides which 
must be added to water to be effective. 


3) “(There is a) possibility that fluoridation of milk may be 
harmful in an area where the water supply is fluoridated or already 
contains sufficient fluorides. 


4) “... practical difficulties and hazards .. . would exist, both 
in controlling the rate of application and in testing the amount of 
fluorides added to relatively small volumes of milk by the large num- 
bers of individual milk plants that might adopt this practice. From 
an administrative standpoint, the fluoridation of milk would spread 
the responsibility for control, and would necessitate the introduction 
of a complicated system of supervision. 


5) “(There is a) likelihood that only a portion of the milk 
supply would be fluoridated in a given market, resulting in a lack 
of uniform distribution. This would reduce the benefits to be ob- 
tained by the community as a whole. From this point of view, it 
would appear that water is a much better vehicle.” 

In view of these facts, it is difficult to understand why Professor 
McKee should so strongly favor the fluoridation of milk, when all 
of the scientific evidence available points to water as the ideal vehicle 
for this remarkable public health measure. 
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GrorcE W. Woop.* One of the bad features of being a “first” 
is that you set a precedent and also attain a reputation of being 
somewhat of an expert. Setting a precedent is all right, provided it 
does not turn out to be a bad precedent. An expert, to some people, 
is a person who charges high fees. Since I have never collected high 
fees, you can see I am no expert. The only claim I may have to any 
right to appear here is due to the fact that I have been connected with 
a water company that has been fluoridating its water supply since 
April, 1951. 

We all know, I think, the origin of this fluoridation business, the 


story of the experimentation carried on, and the present hue and cry 
on the pros and cons. 


Since the word got around that the city of New Britain was 
fluoridating its water, a large number of requests for information has 
been received. It has been very interesting to read the newspapers 
from our neighboring city, Hartford. Some of my friends have col- 
lected all manner of articles on the subject for me to read. They are 
really very entertaining. 


The purpose of this discussion is to let you know what has been 
done in New Britain. 

The question as to whether to fluoridate or not was first discussed 
by the Board of Water Commissioners in September, 1947. The 


local health officer was consulted, as well as the State Department of 
Health. 


About the middle of 1949 the Board received a letter from the 
local health officer, stating that he was in favor of fluoridation. Other 
favorable letters were received from the local dental and medical 
societies, Dr. Osborn, Commissioner of Health for the State of 
Connecticut, Dr. Franklin M. Erlenbach, Chief of the Division of 
Dental Hygiene of the State of Connecticut, and Mr. Warren J. Scott, 
Director of the Bureau of Sanitary Engineering of the State of 
Connecticut. 

In November, 1949, the Board voted to include in its 1950-51 
budget an item for fluoridation. This budget was approved by the 
Board of Finance and Taxation, the Common Council of the city, 
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and the Mayor. There was no opposition. In March, 1950, permis- 
sion was granted by the Common Council to purchase and instal! the 
necessary equipment. 

With two sources of supply it was necessary to purchase two 
dry feeders. Installation was comparatively easy. All surface water 
is treated at our filtration plant. At this location the chemical-storage 
room is on the top floor of the head-house. A section of this room 
was partitioned off to house the equipment. The water supply was 
connected to the high-pressure water system. The discharge line was 
run down to the first floor to the control chamber. A ventilating sys- 
tem to take care of the dust was also installed. 


The ground-water supply was constructed in 1922. In 1944 a 
new pumping station was constructed and new equipment installed. 
This left the old pumping station available for housing the fluoridating 
equipment. 

A Diesel-engine generating station at the filtration plant and one 
for the ground-water supply provide an available supply of electricity. 
No additional labor has been required. 

Treatment has been continuous since April, 1951. At the begin- 
ning a very close check was maintained on the operation. Several 
tests were made each day at the filtration plant. The State Depart- 
ment of Health made several tests each week. Daily tests were made 
by the bacteriologist in the laboratory of the City Health Department. 
Several tests were made on samples taken from various locations in 
the distribution system. 

After two or three months of following this procedure of almost 
continuous tests, supervision was gradually reduced. At the present 
time tests are made three times daily at the filtration plant, once each 
day at the city laboratory and at least once each month by the State 
Department of Health. About once a month tests are made on samples 
taken from various points in the distribution system. There is very 
little deviation from a residual of 1.0 ppm at any point in our dis- 
tribution system. 

We have used sodium fluoride, white, granular, 97-98%. This 
particular chemical is free-flowing and is practically dustless. 

At the filtration plant we have used three different dry feeders, 
manufactured by the Wallace & Tiernan Co., Inc..a Type A-552 
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chemical feeder, a Type A-635 chemical feeder, and an improved 
Type A-635 chemical feeder. We also tried several grades of sodium 
fluoride, as produced by the Chemical Corp. and the American Agri- 
cultural Chemical Co. We have endeavored to work with these com- 
panies upon a basis of mutual cooperation, in order to arrive at some 
answers that would be beneficial to the water-works industry. 

The original cost of the equipment and installation was slightly 
under $5,000. The actual cost of sodium fluoride used from April 1, 
1951, to March 31, 1952, was $7,364.03. As the water treated during 
this same period was 3,384 mil gal, the cost was $2.17 per mil gal. 
Based on the application of a percentage to other purification ex- 
penses, such as supervision and engineering, labor, maintenance and 
amortization of original cost, the costs arrived at were $3.65 per 
mil gal and $0.15 per capita per year. 

At the beginning the men were a little skeptical in regard to 
handling the chemical, but now they have no fear of it. They have 
been supplied with respirators and rubber gloves, but seldom use them. 

As yet, we have had no complaints, either from individuals or 
from any type of business. 


Craik N. SAwyer.* In reviewing the paper by Dr. McKee, I 
have been impressed by several misleading statements. In addition, 
the author has failed to offer a discussion of the shortcomings of 
fluoridation of milk for dental-caries prevention. I feel, as Chairman 
of the N.E.W.W.A. Committee on Water Quality and Treatment, 
obliged to make the following statements: 


MISLEADING STATEMENTS 


1. The author quotes statistics regarding the number of water 
supplies and milk supplies in San Bernardino, Cal., and Los Angeles 
County, to show that the installations required to treat water would 
exceed the number required to add fluorides to milk. This situation 
is the exception rather than the rule, however, as you may ascertain 
by consulting the classified telephone directories of a few cities. The 
small Massachusetts town in which I live, with a population of 
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approximately 30,000, is served by 26 different dairies and one water 
supply. 

2. “Fluorides are in short supply.”’= This is an apparent short- 
age. Additional amounts, estimated to be in excess of the total 
requirements needed to fluoridate all water supplies, are recove able 
from wastes now discharged to rivers by the phosphate-fertilizer 
industry. This amount has been estimated by Maier at 80,000 tons 
per year. In addition, fluorides may be recovered from stack gases 
produced in certain industries and, thereby, we may eliminate an 
air-pollution problem that exists in some areas at the present time. 

3. “Fluoridation of water is a wasteful practice.’ Yes, it would 
be if it were necessary to destroy a natural resource to accomplish it. 
However, silicofluoride has been demonstrated to be as effective as 
fluoride salts. Silicofluoride is derived from wastes of the phosphate- 
fertilizer industry. Without recovery, it is continually flowing to the 
ocean, where it is lost. What is wrong with recovering it, in order to 
put it to some useful purposes, before it finds its way to the sea? 

4. “Christian Scientists and other religious groups are opposed 
to fluoridation.” Many people in these groups are good patrons of 
the denta! profession and, as such, are quick to see that fluoridation 
of water will reduce their need for dental repair. 

5. The author infers that fluorides are of no benefit to adults. 
There is growing evidence that adults do benefit from fluorides through 
maintenance of more resistant tooth enamel. Certainly, pregnant 
women deserve consideration here, as will be pointed out subsequently. 


REASONS Wuy MILK Is Not THE Proper VEHICLE 


1. The proposal to add fluorides to milk is not a new sugges- 
tion. The matter has been discussed by nutritionists, biochemists and 
other groups from time to time. Serious consideration has never 
been accorded it and there is little reason to believe that the argu- 
ments of a few sanitary engineers or chemists will alter matters. 

2. The Cost Item—To infer that the cost of fluoridation of 
milk might be borne by the milk companies certainly does not fit 
into the pattern set by the companies in regard to homogenization 


tEditor’s note: In a slight revision of his paper prior to publication, the author eliminated this 
statement, 
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and addition of vitamin D. The estimate of 1 cent per quart, sug- 
gested as the upper limit, seems very conservative when one con- 
siders that milk companies would, undoubtedly, be forced through 
competition to carry fluoridated and unfluoridated milk in each of 
the grades which they marketed. This would certainly increase pro- 
duction and marketing costs. Even at 1 cent per quart, the cost per 
child would approximate $3.00 per year. At such cost, it would seem 
that topical application programs, conducted through the school sys- 
tems, would be more reasonable and, possibly, just as effective. 

3. Control of Fluoride Level_—There is no short, simple method 
for the determination of fluoride in milk, such as we have for water. 
This item alone could conceivably drive small dairies out of business, 
because of their inability to compete with the large companies. 

4. Administration—The control of fluoridation, as required by 
the Food and Drug laws, would be a momentous task. The Boston 
area serves as a good example. There are 85 producers and milk 
companies delivering fluid milk in the Metropolitan area. How many 
more bureaucrats would be needed to keep matters under control? 

5. Personnel Problem.—Milk-plant personnel is not trained in 
the science of adding small quantities of chemicals to milk. Many 
of the smaller plants have practically no laboratory facilities. 

6. Pre-natal Assimilation—lIf the theory that fluorides aid 
mostly in the calcifying stage is correct, then it is important that 
the pregnant woman have a source of fluorides during the 7th, 8th 
and 9th months of pregnancy. Water has many advantages over milk 
here, as most adults prefer water, tea and coffee. 

7. Post-natal Assimilation.—lt is true that, even today, thhee 
are some breast-fed babies. By the time such babies are weaned, all 
teeth through the six-year molars have calcified or developed to an 
advanced degree. How will fluoridated milk help these infants? 
Water is a significant part of the diet of babies in fruit juices and 
as a thirst quencher. 

8. Legal Aspects ——The addition of fluorides to a food such as 
milk would be considered adulteration under our Federal Food, Drug 
and Cosmetics Act. Adulteration may be allowed in some instances, if 
it can be shown that the desired results cannot be obtained in any 
other way in a reasonable manner. It would seem that endorsement 
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of fluoridation of water supplies by leading public-health, dental and 
medical groups would eliminate milk from consideration as a possible 
vehicle. In addition, where adulteration of food products is being 
considered, the usual test applied is to feed test animals with the 
food, containing 25 times the proposed concentration of adulterant. 
If autopsies on the test animals show no deleterious effects, the prac- 
tice is accepted. Those familiar with the behavior of fluorides know 
that such a test could not be passed. Fluoridation of water supplies 
could not pass such tests either. It is only because of the mass of 
information that has been accumulated on human populations using 
fluoride-bearing waters that the practice is supported by the leading 
organizations concerned with the public health. 


* * * 


AuTHor’s CLosinc Discussion 


In view of the critical nature of the foregoing discussions, the 
author of the original paper has requested the privilege of presenting 
a closing discussion in a subsequent issue of this JouRNAL. 
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WATER MAGIC 


WATER MAGIC 
BY FRED S. GIBBS* 


September 10, 1952.) 


The title of this paper, “Water Magic’, was selected with care 
and was intended neither to confuse nor to attract members of this 
Association. The first word, ‘““Water’’, should be self-explanatory. The 
second word, “Magic”, as well as its use in the title, is explained by 
Webster: “The art, or body of arts, which claims, or is believed, to 
be able to procure effects by a mastery of secret forces in nature.” 


The consulting engineer selects the source of a water supply and 
designs the distrubution system and treatment plant to insure the con- 
tinvous production of “water safe for human consumption.” The 
water superintendent dedicates himself to the operation of the works. 
For twenty-four hours each and every day he is on the job and his 
greatest concern is to be sure that each tap is receiving “water safe 
for human consumption.” What do we mean by “water safe for 
human consumption?” 

Pathogenic organisms, that are responsible for diseases in hu- 
mans, must be destroyed to safeguard the health of the community. 
Turbidity should be removed, because any visible dirt in the water 
might cause consumers to resort to unsafe waters that are clear. Ex- 
cessive color should also be removed for the same reason. State 
public-health standards and U. S. Treasury Department standards 
for interstate carriers detail the permissible limits of dissolved solids 
in a satisfactory water from the standpoint of potability. 

The water superintendent may be a little shocked to learn that 
the excellent water produced by his plant-—water that has met all 
tests of purity and standards of potability, and is “safe for human 
consumption”—-would be unfit for many industrial and commercial 
uses. The complexities of our industrial civilization are such that 
water which is readily and healthly consumed by humans cannot be 
used in many processes. 
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Some superintendents are familiar with the water-softening re- 
quirements of commercial laundries. The calcium and magnesium ions 
in a water are referred to as “hardness”, and water hardness wastes 
soaps. New England waters are blessed with low hardness, but many 
laundry operators go to the expense of installing and operating soften- 
ing units to remove all hardness, i.e., remove all calcium and mag- 
nesium ions, so that all soap is utilized in the washing process. In 
many other parts of the country, where high-hardness waters are 
common, a commercial laundry just cannot operate unless the city 
water supply is softened. 

The softening of water brings us back to the title of this paper. 
The “magic” in softening water is in the replacement of the calcium 
and magnesium ions with sodium ions. In most cases of water soften- 
ing in New England, the ion exchange is performed by a mineral 
found in nature—zeolite, a hydrous silicate—or the same mineral 
artificially produced is used. The hard water—hard because it con- 
tains numbers of calcium and magnesium ions—passes through a 
closed vessel, containing a bed of zeolite. As the water passes through 
the bed of zeolite, the mineral performs its magic. The sodium ions 
in the molecular structure of the mineral mysteriously change places 
with the calcium and magnesium ions in the water. Whereas before 
contacting the zeolite bed the water contained, for example, a solution 
of calcium sulfate, after passing through the mineral the calcium 
sulfate has disappeared and sodium sulfate has taken its place. Presto! 
Chango! The hard water becomes soft! 

The “mysterious” exchange of the calcium ions for the sodium 
ions is glibly explained by chemists and chemical engineers as 
“preferential solubility”, ion saturation, and several other equally 
confusing terms, but the Manual of the American Water Works As- 
sociation, “Water Quality and Treatment’, says, “the exact mechan- 
ism of the reaction is not definitely understood.” I stand on my use 
of the word “mysterious” and the comparison of ion exchange to the 
“use of secret forces in nature.” 

Each pound of zeolite in the bed has a specific number of sodium 
ions which have the power to exchange places with the calcium and 
magnesium ions. When the bed’s total number of available sodium 
ions has been exchanged, the zeolite no longer has any effect on the 
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water passing through. The hard water entering the vessel is just as 
hard when it leaves. Obviously, something must be done, and again 
magic is performed. 


The incoming water flow is shut off and a saturated brine solution 
is introduced into the vessel. The brine solution contains ordinary 
salt in solution, sodium chloride and water. In this solution the 
sodium is ionized, and when it contacts the zeolite, the exchange 
reversal takes place. The calcium and magnesium ions in the zeolite 
exchange places with the sodium ions in the brine solution. When the 
exchange is completed, the brine solution, now containing calcium 
chloride and magnesium chloride, as well as some residual sodium 
chloride, is dumped to the sewer. Presto! Chango! The zeolite is 


restored to its original chemical composition and more water can be 
softened. 


In New England the softening of water is practically all confined 
to commercial uses. In other sections of the country the water con- 
sumers have demanded and obtained the softening of the entire city 
water supply. The Metropolitan Water District in Los Angeles oper- 
ates an ion-exchange softening plant which has a capacity of 200 mil. 
gal. of water a day. 

The softening of water is used as an example of “Water Magic” 
to illustrate the basic principle involved in ion exchange. In the 
engineer’s quest for purer and purer water, the relatively simple 
softening of water is greatly overshadowed by today’s “Water Magic.” 
The manufacture of plastics has developed synthetic resins that 
have ion-exchange abilities of many types and uses. While the ion 
exchange softening of water does not reduce the total amount of 
dissolved solids in the water, the new synthetic resins can perform 
the miracle of practically total removal of dissolved solids. The 
“Parlor Magic” of softening by ion exchange moves to the center of 
the big stage of demineralization. 

The Public Health Service Drinking Water Standards state: 
“Total solids should not exceed 500 ppm for a water of good chemical 
quality. However, if such water is not available, a total solids con- 
tent of 1,000 ppm may be permitted.” 

Such a water is safe for human consumption. but it would raise 
havoc in a modern power plant, operating high-pressure boilers. We 
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recently received a specification covering a power-plant water require- 
ment. This specification shows the vast difference between ‘water 
safe for human consumption” and “water safe for a high-pressure 
turbine.” The specification details the maximum permissible content 
of dissolved solids as follows: 

“The total dissolved impurities shall not exceed 0.5 ppm. Silica as silica 


oxide shall not exceed 0.03 ppm. Carbon dioxide shall not exceed 0.1 ppm. 
Iron and aluminum oxide shall not exceed 0.01 ppm.” 


The Drinking Water Standards permit a total-solids content of 
1,000 ppm. or, in other words, the human body can tolerate 8,345 Ib. 
of solids in each mil. gal. of water. The specification states that the 
high-pressure boilers’ water supply shall not contain more than 
4.18 lb. of total solids in each mil. gal. of water. Conversely, a hu- 
man would not care to drink a water of this extreme purity. He 
would find it flat and tasteless, and the fillings in his teeth would 
probably fall out, because such a pure water is most active on metals. 

It is evident from the specification that this power plant requires 
a water which is equally as pure as triple-distilled water. The quanti- 
ties required rule out any consideration of the use of triple distillation, 
because of its prohibitive cost. The only possible method by which the 
desired quantities of such an extremely pure water can be obtained 
economically is through the use of mixed-bed demineralization, the 
modern magic of ion exchange. 

An absolutely pure water would contain only HeO—two atoms of 
hydrogen combined with one atom of oxygen in each molecule of the 
water—with no dissolved compounds in the water. Rain falling 
from the heavens is not pure water. The earth’s atmosphere con- 
tains many solids impurities, which become dissolved in the rain- 
drops. The water purity, as required by the power-plant specification, 
can be obtained by exchanging the positive ions (calcium, magnesium, 
sodium, etc., called cations) for hydrogen ions, and exchanging the 
negative ions (bicarbonate, chloride, sulphate, etc., called anions) 
for hydroxyl ions. The positive hydrogen ions and the negative 
hydroxyl ions then combine to form—just water. 

Water-treatment engineers specializing in ion exchange have 
developed two methods for accomplishing demineralization. In the 
first method used commercially, two separate beds of ion-exchange 
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resins were employed. The water to be treated first passed through a 
vessel containing a bed of cation-exchange resin. The cation-exchange 
resin replaced the sodium, calcium, magnesium, and other positive ions 
with positive hydrogen ions. The water then passed through a sec- 
ond vessel, which contained a bed of anion-exchange resin. The anion- 
exchange resin replaced the bicarbonate, chloride, sulphate, and other 
negative ions with negative hydroxy] ions. 

In theory, if the cation and anion beds could be of infinite 
depth, the basic laws of mass action and diminishing returns would 
be satisfied, and the resultant water produced would contain only 
hydrogen ions and hydroxyl ions, combined as HzO. In actual prac- 
tice, however, the physical limitations in bed depths prevented the 
completion of the exchange of ions and the effluent water still con- 
tained a portion of its original content of dissolved solids. 

Quite logically, the next step in ion-exchange engineering was 
the addition of another cation-exchange bed and another anion-ex- 
change bed, to operate in series with the original two beds. As would 
be expected, the water quality of the final effluent was considerably 
improved, but the effluent still contained some content of dissolved 
impurity. In many cases where a higher quality of water purity was 
required, the engineers would add still another pair of beds, to form 
a six-bed system. 

Then came a major development in the science of ion exchange. 
By utilizing cation- and anion-exchange resins of different specific 
gravities, the engineers designed a single mixed-bed exchanger, that 
was capable of producing water of greatest purity. By mixing the 
beads of cation and anion resins in one vessel, and considering each 
bead to be a tiny bed of resin, an infinite number of two-bed systems 
was formed. The inexorable laws of mass action and diminishing 
returns were satisfied to a remarkable degree. Water of maximum 
purity became available for a multitude of industrial and commercial 
uses. 

The regeneration of cation- and anion-exchange resins is ac- 
complished simply with common, relatively inexpensive chemicals, 
whether the resins are employed in separate beds or in one mixed bed. 
The anion-exchange resin is regenerated with sodium hydroxide (caus- 
tic soda) and the cation resin with sulfuric acid. The amount of re- 
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generant required is directly proportional to the amount of dissolved 
impurities to be removed from a water. 


A water-works superintendent might think that while the magic 
of ion exchange is interesting, the performance has never been staged 
in his town. In that thought he would surely be wrong. 


In his town there are probably some amateur or professional 
photographers who develop their own prints. In photograph de- 
veloping, the dissolved solids in the municipal water can have dis- 
astrous effects on the finished prints. Distilled water, purchased from 
the local drug store, is relatively expensive and the storage bottle 
always needs refilling. Furthermore, ordinary distilled water is not 
pure enough for some photographic requirements. The average pho- 
tographer today has his own, small, ion-exchange, mixed-bed de- 
mineralizing unit that he connects to the city tap. The unit will 
produce water of a purity far better than that of distilled water, and 
in generous quantities. When the unit resins are exhausted, they 
are regenerated easily and simply with acid and caustic. 

There are many New England industrial water uses and proces- 
ses that require water of the utmost purity. Many of these plants 
receive their water supply from the city, but before the water can 
be used, it is purified by ion exchange. A listing of products requiring 
pure water in their manufacture or processing would include: 

Beer—The best-quality beers were once dependent for flavor 
on salts naturally present in water supplies. Now, these special salts 
are added to water in controlled quantities, after ion exchange removes 
iron and other objectionable dissolved solids from the water. 

Television Viewing Tubes—Impurities in water become deposited 
on tube surfaces and remain there forever as spots or imperfections, 
staring back at the television viewer. Demineralized water is a must 
for producing tubes with a spotless surface. 

Ink—Soluble dyes used in ink manufacture are affected by dis- 
solved solids in the process water. Pure water provides full control 
of the ink-making process. 

W hiskey—Gin—Rum—The rectifying of alcoholic beverages re- 
quires large quantities of purest water. The high proof of the spirits 
as distilled is reduced with water dilution. A slight amount of dis- 
solved solids in the water can cause tastes or poor appearance. 
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Pharmaceutical Products—The color, clarity, purity, and stand- 
ardization of physiological activity in medicines and drug preparations 
require the best possible process water. 

Candy—Standardization of color, tastes and clarity is adversely 
affected by dissolved solids in the process water. 

The list goes on and on: Condenser Tissue Manufacture; Ce- 
ramic Manufacture; Sugar Refining; Soft Drinks; Artificial Ice; 
Textile Dyeing; Dyestuff Manufacture; Chemicals; Mirror Manu- 
facture; Plating; Cosmetics. 

Not all compounds dissolved in water are ionized alike. Some 
organic compounds—sugar, alcohol, glycerine and gelatine, for ex- 
ample—are present in a water solution as uncharged molecules and 
are not capable of ion exchange. This fact enables the ion-exchange 
process to be used for the removal of mineral-compound impurities 
from solutions of these organic compounds. Ion exchange thus be- 
comes a process application of great importance. 

Standardization, production control, quality of product, economy 
and competition have taught industry the value of ion-exchange 
processes. The municipality that does not have a few ion-exchange 
plants within its city limits probably does not have much industry 
either. 

While touching briefly on the use of ion-exchange “magic” on 
industrial water supplies, mention should be made of other important 
uses. Ion exchange has been found to be of great value in the re- 
moval of toxic substances from certain industrial wastes. Allied with 
this use, the process recovers valuable metals, such as silver from 
photographic solutions, copper from rayon wastes, and chromium from 
spent plating baths. This recovery-of-metals technique developed 
processes by which ion exchange is used for the recovery of rare earth 
metals, providing industry with pure metals never before available. 
If the Atomic Energy Commission would permit, much could be 
told of the contribution of ion exchange in splitting the atom. 

The removal of contaminants has long plagued process engineers 
Ion exchange, in its infinite flexibility, provides the process engineer 
with an answer to many problems. In the manufacture of vitamin C, 
nickel contamination is removed from the sorbitol by a simple passage 
of the sorbitol through a column of cation resin. Formic acid is re- 
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moved from formaldehyde by passage through an anion resin. Fruit 
acid is removed from citrus juice. Hydrochloric and sulfuric acids 
are removed from lactic acid. The bitter taste in apple juice, malic 
acid, is likewise removed. 

If a water superintendent still thinks that ion-exchange “magic” 
is not performing in his town, the only reason for his thought proba- 
bly is that the town is 100% residential and he does not know of any 
photographers in residence there. But he still can be—and without 
doubt is—wrong! 

Many a good old-fashioned belly-ache has been caused by gastric 
acidity of inactivation of pepsin. The prevalence of peptic ulcer has 
not needed an industrialized civilization—only a knife and fork—and 
there isn’t any town in New England without a knife and fork. Ion 
exchange as a therapeutic agent, in the form of a tiny capsule of 
purified anion resin, has provided instantaneous relief from pain in 
countless cases of gastric acidity. The anion resin changes the acid 
condition into a condition that is bland and harmless. Proved non- 
toxic and approved by the Federal Drug Administration, ion exchange 
encourages millions of sufferers. You would not become familiar with 


ion exchange as a therapeutic through over-the-counter drug-store 
sales or through national advertising. Only the doctor’s prescription 
—the small slip of paper with the Latin abbreviations and meaning- 
less marks—is the ticket to another performance of ion-exchange 
legerdermain and, though the performance cannot be seen, it is en- 
jioyed by many! 
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CORROSION STUDIES 


BY JOHN R. BAYLIS* 


[Read September 10, 1952.] 


Considerable time has been given within the past three years to 
the study of corrosion of cast-iron water mains. The interior and 
exterior surfaces of a large number of pipes in a few cities have been 
examined. Much of this was done by examination of the scrap piles 
of pipe removed from service and “cut-out” pieces on water mains, 
where a new main of smaller diameter is joined to one of larger 
diameter already in service. The cut-out generally is made with a 
tapping machine and often without cutting off the water pressure. 
As such connections are being made from time to time in all cities, 
it is not difficult to acquire a large number of the cut-out pieces within 
a short time. 

Changes in the piping are being made from time to time in vari- 
ous sections of the water-distribution systems and occasionally sec- 
tions of the old pipes are removed. Inspections on the ground have 
been made at a few places where large pipe lines were being altered. 


Examples of Extreme Corrosion 


Pipe tuberculation to the extent that the water-carrying capacity 
has been greatly reduced is so common to water-works employees 
that it attracts little attention. It too often is regarded as a natural 
phenomenon, in which nothing can be done to alleviate the corrosion. 
Although the carrying capacity has been reduced, the pipe still is 
regarded in good condition. To a large extent it is, but there are ex- 
treme cases where corrosion has progressed to the extent that the 
strength of the pipe wall has been reduced considerably. 

Figure 1 shows the inside of a 4-inch cast-iron pipe, over 50 
years in service exposed to a soft river water. The pipe was more 
than two-thirds filled with iron rust for much of its length. The 
section of the pipe wall in Figure 2 shows that the corrosion has 
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Fic, 2.—Sections Turoucn Watts or 4-IncH Cast-Iron Prez, SHowrnc DeptH oF 
Corrosion. 
eaten nearly one-half through the one-half-inch wall thickness of the 
pipe over much of the surface. The upper view shows that practically 
all of the iron has been dissolved in a large area, leaving the slag 
and other impurities of the cast-iron behind, to make one believe 
the wall of the pipe has not been damaged seriously. The lower view 
shows a section where there were tubercles inside the pipe. Under 
each tubercle there was greater penetration of the corrosion than at 
other places. This latter condition is characteristic of most cast iron 
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exposed to corrosive water, except that the tubercles often are larger 
in size and are farther apart. Note that practically all corrosion 
was on the inside of the pipe. 

Upon removing the rust from the inside and smoothing the sur- 
face, there was found a meshwork of crazing in the pipe wall, as 
shown in Figure 3. The crazing cracks are noticeable in Figure 2 
and extend the full depth of the corrosion. No coal-tar was found on 
the pipe wall, inside or outside, and the pipe may not have been coated 
when laid. If it was, all evidence of the coating had corroded away. 
The pipe was removed from service because of breaks, caused by the 
weakened wall. This is unusual in water-works practice. 

The water in the city was soft, with pH low enough to cause 
rapid corrosion. The writer recalls 36 years ago examining a 6-inch 
cut-out piece from a 10-inch pipe in another part of this same city. 
With a pocket knife the entire inside of the pipe was cut away, one- 
third to one-half the thickness of the pipe wall. The age of the pipe 
at that time was not known, but it must have been over 20 years. 
Many of you from cities with soft water most likely can recall similar 
experiences. 

Memory of this condition of the cast-iron pipe in this one city 
has lingered with the writer throughout the years. At the time, in 
1916, it caused the city to start adding an alkali to the water, solely 
for the purpose of lessening corrosion. Two years later the lime 
treatment was abandoned and it was resumed some years later. No 
one knew much about the corrosion of iron or how it could be pre- 
vented, except by a protective coating of some material such as coal- 
tar for cast-iron pipe, and by galvanizing for the smaller wrought- 
iron and steel pipe. 

Long before this time some of the New England cities tackled 
the corrosion problem by lining the inside of the pipe with cement 
mortar. Protection over many years was obtained. Such linings were 
applied mostly in steel and wrought-iron pipe. Figures 4 and 5 show 
sections through two of these early cement-lined pipes after about 
50 years of service in a New England city. Lining cast-iron pipe with 
cement mortar did not become common practice in cities with corro- 
sive water until many years later. 

The dipped coal-tar coating was the favorite in the early part 
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of the twentieth century. There is evidence that some of the coatings 
were exceptionally good and gave long protection to the pipe. 
Figure 6 is an example of another case of excessive corrosion in 
cast-iron water pipe exposed to river water. The pipe, 40 in. in 
diameter, had been in service about 35 years, with about 25 years of 
exposure to corrosive water and about 10 years to non-corrosive 
water. The pipe wall was a solid mass of dormant tubercles, some 
of which projected more than two inches into the water. When re- 
moved, only an occasional active tubercle was noticed. The writer 
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‘16. §.—Section THroucu WALL or a 4-Incn Pipe AFTER 50 YEARS OF 
SERVICE. 

has no record of the loss in carrying capacity of the pipe; however, 

it must have been great. Figure 7 shows a place where a tubercle was 

removed. A pit extends about 5% inch into the pipe wall. 

Figure 8 is tuberculation on the inside of a 16-inch pipe, exposed 
to a moderately corrosive water. Tubercles cover the entire surface 
of the cut-out piece. One tubercle, 4 in. long, projected more than 
one inch into the water. Figure 9 is a photograph of tubercles from 
a piece of pipe removed from service in this same city. These exam- 
ples of excessive corrosion are given to show what is happening in 
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Fic. 9.—TUBERCLES FROM 16-INCH Pipe (Not LAKE MICHIGAN WATER). 
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some of the pipes exposed to corrosive and moderately corrosive 
waters. Almost no calcium remained in the linings. 


Non-Corrosive Waters 


The writer, in 1922, after several years’ study of the causes of 
corrosion of iron water pipes, came to the conclusion that water just 
saturated with calcium carbonate, or slightly supersaturated, was 
the most ideal water for exposure to water piping. He found that no 
soluble iron above a trace would exist in water saturated with calcium 
carbonate. Treatment of the Baltimore, Md., water with lime to pre- 
vent corrosion was started in 1919. This is believed to be the first 
public water supply ever treated to the saturation equilibrium of 
calcium carbonate with lime primarily for preventing corrosion. An 
article on “The Solution of Corrosion and Coagulation Problems at 
Montebello Filters, Baltimore” was published in the May, 1922, issue 
of the Journal of the American Water Works Association. This arti- 
cle attracted almost no attention, and it was not until several years 
after the publication of “Factors Other than Dissolved Oxygen Influ- 
encing the Corrosion of Iron Pipes”, in the April, 1926, issue of 
Industrial and Engineering Chemistry, and “Prevention of Corrosion 
and Red Water” in the June, 1926, issue of the Journal of the 
American Water Works Association, that other cities began to give 
attention to corrosion prevention. Now probably more than 1,000 
water-treatment plants use lime primarily to lessen corrosion. 


Subsequent to the study of the causes of corrosion from 1919 to 
1926, the writer began the search for a water that was naturally just 
saturated with calcium carbonate, to see if experience over the years 
confirmed the fact that there would be very little corrosion of the 
iron pipes. A move to Chicago in 1926 ended the search, for it was 
found that the Lake Michigan water had the ideal chemical balance 
to resist corrosion. There was full confirmation of the findings in 
that the water systems of cities not filtering the lake water were 
found to be almost free of inside corrosion. 


Although the ideal equilibrium for non-corrosive water was found, 
it has proven difficult to treat some of the waters to the saturation 
equilibrium of calcium carbonate. The high pH required, particu- 
larly where there is magnesium in the water, causes an increase in 
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soluble aluminum over that present in the water before treatment. 
This difficulty was encountered in some of the cities in the early 
trials of the use of lime. When applied in the mixing basin it inter- 
fered greatly with the coagulation. In 1920, or the early part of 1921, 
trial was made of adding the lime to the outlet of the mixing basin 
in one of the larger filtration plants. Some improvement in coagula- 
tion resulted, but not enough to be considered satisfactory. Then 
the application was shifted to the settled water and soon to the filtered 
water. It is now being applied at this point in many plants. 

Coagulation, followed by filtration, of non-corrosive waters has 
caused the cities using Great Lakes water for their source of supply 
to experience more corrosion than cities without such treatment. 
The calcium-carbonate protective coating that gradually formed in 
the piping took over protecting the pipe when the coal-tar coating 
became full of holes. If this coating is dissolved, it allows corrosion 
to proceed at a rapid rate. Notwithstanding this, the application of 
treatment to prevent corrosion of the Great Lakes water still is not 
common practice. 


Coal-Tar Coating 


We must become aware of the fact that no artificially applied 
coating will last forever. Most piping used throughout the United 
States for water mains is coated by the manufacturer with coal-tar, 
hot dipped. The lengths of pipe generally are dipped into a hot 
solution of coal-tar. This forms a coating over both inside and out- 
side surfaces of the pipe. This coating has proven very effective in 
giving protection to cast-iron pipes over a period of years in waters 
not highly corrosive. In many instances, pipes in service over 50 years 
in cities using the Great Lakes water have been found to be in good 
condition. Figure 10 is a photograph of a “cut-out” piece of pipe 
from the Chicago water system that was in service 70 years with 
almost no corrosion. 


Some of the Coal-Tar Coatings Not So Geod 


Evidence is accumulating that the coal-tar coating on at least 
some of the piping manufactured within the past few years is not 
holding up as well as the lining on some of the older piping. Figure 11 
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Fic. 10.—Spectmen OF WATER-DIsTRIBUTION MAIN, INSIDE SURFACE. 
8-in. main, Jackson Boulevard, 380 ft. west of Desplaines. Laid in 1880. 


shows corrosion of the coal-tar coating on the inside of piping, stored 
in the pipe yard about one year. Further support of this assumption 
is the fact that some of the cast-iron pipe and specials used in con- 
structing the South District Filtration Plant at Chicago began to cor- 
rode before the piping was laid. After exposure to water, much of it 
corroded almost immediately. 
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Corrosion Survey Delayed 


During design and construction of the South District Filtration 
Plant, we had in mind making a survey of corrosion throughout the 
distribution system of the city, to appraise the condition of the pip- 
ing, and particularly the cast-iron piping. Details of placing the plant 
in operation did not allow time to start actively on this survey until 
about three years ago. Since chemical treatment of the water began 
in 1945, it was several years afterwards before the corrosion investi- 
gation was started. 


A progress report was issued in the spring of 1952. This report 
shows examination of 131 cut-out pieces, in addition to special investi- 
gations of piping being removed. Also, conditions in other cities 
have been examined. About one-fourth of the pieces examined were 
photographed. Since nearly all of the pipe pieces that showed corro- 
sion were photographed, the photographs would indicate more cor- 
rosion than actually exists. 


Theory of Corrosion Well Covered 
in the Technical Literature 


According to accepted theories, the corrosion of iron is electro- 
chemical. Since this has received so much attention in the past and 
is described so extensively in the literature, there is no need to repeat 
the theory again. To use terms readily understandable to all, iron is 
slightly soluble in water. Water must be prevented from getting to 
the iron surface by coatings applied to the iron surface by the manu- 
facturer, or by coatings deposited on the piping from the water. 
Nearly all small iron water piping is galvanized and, in Chicago, 
practically all cast-iron pipes used for water mains up te the present 
time are dipped in hot coal-tar. In years past this method of appli- 
cation has given good covering of the metal surface. No corrosion 
can take place until holes begin to develop in the coating. The time 
required for holes to develop may be almost immediately for some 
of the coatings, and in other instances it may be over 50 years. The 
tuberculation of coal-tar coated pipe, therefore, may start almost 
immediately after it is laid or it may be a number of years before 
starting, depending on the quality of the coating material. 


CORROSION STUDIES 


CHARACTER OF CORROSION FouND IN OLD WATER MAINS 


Two investigations of the condition of piping exposed to Lake 
Michigan water will be given. These are believed typical of the 
condition of much of the piping exposed to Great Lakes waters. 


Condition of 30-Inch Pipe Exposed to 
Raw Lake Michigan Water 


The 30-inch cast-iron water main is believed to be characteristic 
of the condition of much of the old piping exposed to the raw Great 
Lakes water. This pipe line was laid in 1922 and served as a main, 
connecting two feeder lines. It probably did not have as heavy a 
flow as some of the feeder mains. 

A few lengths of this pipe were removed in 1952, for street 
improvements. This afforded an opportunity to make a careful in- 
spection of the condition of the piping. 


Condition of Coal-Tar Coating 


The coal-tar coating on the inside of the pipes was soft and 
blistered, as shown in Figure 12. Stating that the coating is soft does 
not mean that the coating is about ready to flow on the pipe surface. 
Actually it was so disintegrated that it could be rubbed off the pipe 
with the fingers over much of the surface. The blister coating ex- 
tended over the inside of each piece of pipe, except for a strip eight 
to twelve inches wide along the bottom of the pipe, as it lay in the 
ground. In this bottom strip little of the soft coal-tar remained. 
Figure 13 reveals little of the blistered material along the bottom 
of the pipe. The blisters are easily detected between the tubercles on 
part of the inside surface. The broken line is along the bottom of 
the pipe. 

Tuberculation on Inside of Pipe 


On each side of the bottom strip, for a width varying from a 
few inches to a foot or more, tubercles generally were present in 
considerable numbers. In some instances the tubercles were more 
numerous at the top than at the bottom. Generally only a few scat- 
tered tubercles were found over the surface of the sides and top of 


the pipe. 
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Tubercles Largely Dormant 


Nearly all of the tubercles were dormant, with an occasional 
active tubercle. The active tubercles were red in appearance and 
the dormant tubercles were of a dark grey color. It is believed that 
revival of the corrosion took place in some of the tubercles of this 
pipe, after it was cut out of service and before being removed from 
the ground. Tubercles generally are not found in disintegrated coal- 
tar coatings, such as shown in Figures 12, 13 and 14, and this is an 
exception to the rule. 


Cone-Shaped Tubercles 


The shape of the tubercles was largely cuneate or cone-like, as 
shown more clearly in Figure 14. The tubercles look as though they 
had formed by growing almost straight out from the pipe surface, 
and then were pushed over by the flow of water. This, however, was 
not the case. They formed in the position shown in the photographs. 
The cone tubercle grows from the small end, which is where it origi- 
nates. It enlarges in diameter as it grows in length. The pit that 
extends into the iron underneath the tubercle is at the point of the 
cone, though there may be some corrosion of the iron along the length 
of the tubercle, where it adheres to the pipe. 

This type of tubercle belongs to the spicule class, in which there 
is considerable tendency to heal the tubercle with a hard and im- 
pervious membrane of magnetic oxide of iron as it grows in length. 
So long as it is active, the corroding force stays ahead of the healing 
force. The distance the soluble iron inside has to travel from the 
point of corresion keeps increasing and slows up the corrosion rate 
until eventually the active end of the spicule is closed over with an 
impervious film. This may not be until a tubercle of moderate size 
is formed. Water with a considerable tendency to corrode does not 
form this type of tubercle. 

Many of the tubercles inside the pipe were ' inch in diameter 
at the point of origin, and 34 to 3/5 inch in diameter at the down- 
stream end. The tubercles of the larger size varied in length from 1.0 
to 1.5 in. None of them were very large or very long. There is betief 
that the tubercles started to form not so many years ago, after the 
breakdown of the coal-tar coating, and have grown to the size shown, 
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a few at a time within a short time. As the tubercles became dormant, 
others started to form by continued disintegration of the coal-tar. 
Many smaller tubercles were completely healed over, most of which 
likely became dormant shortly after growth started. This should be 
expected. 

The cone-shaped tubercle is not of common occurrence. Gener- 
ally, the spicule type of tubercle does not enlarge in diameter, but 
grows out into the flow of water straight or tilted and does not adhere 
to the pipe, except at the base or point of origin. 

More corrosion existed in these lengths of pipes than generally 
occurs in the piping system. There is belief that the slow flow in the 
main was the principal cause of the corrosion. There, of course, had 
to be a hole through the protective coating on the pipe. 


Disintegrated Coal-Tar Coating 


The Lake Michigan water, just saturated with calcium carbonate, 
should be the ideal water to test the life of coal-tar coatings. Any 
corrosion that starts, when a hole develops through the protective 
coating, is soon healed with an impervious membrane of iron oxide. 
The coal-tar remains exposed to the water. The disintegration process 
of the coal-tar coating, exposed to the raw Lake Michigan water, 
starts after the pipe has been in service 20 to 50 years, depending 
on the quality of the material and the thoroughness with which it 
covers the iron surface. The coal-tar becomes brittle and disintegrates 
into very small pieces; instead of washing away, it continues to ad- 
here to the pipe surface. Figure 15 is a photograph of a typical 
blistered surface, enlarged 3'4 diameters. Some of the blisters, broken 
in handling, reveal their hollow structure. 

The removal of the coal-tar coating at the bottom of the pipe 
most likely is aided by suspended objects. scrubbing along the bottom 
surface. Sand, rust tubercles and other solid material, that may gain 
access to the pipes where the water is not filtered, gradually scoured 
the coal-tar away after it began to disintegrate. 


Outside Surface 


Considerable soil was found adhering to the pipe. The fill around 
the pipe was largely sand and it is this sand that was adhering to the 
pipe, an inch or more in thickness in places. The sand was red in 
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appearance, due to rust from the corroding iron. The sand was bound 
together firmly enough still to adhere on some of the lengths of pipes, 
notwithstanding the handling of the pipes in removing them from 
the ground and transferring them to the storage yard. 

In places, the soil coating could be pealed off by inserting a knife 
blade between the pipe and the coating. It would break off in pieces 
a few inches in size. The weakness of the binding between the cement- 
ed coating and the iron of the pipe, in places covering a considerable 
portion of the outside surface of the piping, is a matter of consider- 
able interest. Something unusual has taken place to cause the coal-tar 
to release its hold on the iron and be removed with the soil coating. 


Corrosion in a 6-Inch Pipe 


A section of 6-inch pipe was removed to make certain changes 
in the piping. A section of the pipe about 4 ft in length was delivered 
to the laboratory for study. This pipe was laid in 1898 and, there- 
fore, had been in service 53 years. Except for the last 6 years of 
service, it was exposed to the Lake Michigan water without treatment, 
except chlorination since about 1915. 

The section of pipe was cut in two for examination. Figure 16 
is a photograph that shows the inside of the pipe. Instead of a 
blistered coal-tar coating along the bottom of the pipe, there were 
rust tubercles. The nodules that resemble tubercles in Figure 17 are 
blisters in the coal-tar coating. These were some of the larger blisters 
observed on the inside of the cast-iron pipe. 

There are several places on the inside of this pipe where the 
porous material is falling off, but most of it still is present on the 
pipe surface. The coating is so loose that little is required to knock 
it off. No rust spots were noted on the upper side of the pipe where 
the blister coating remains. The porous and disintegrated coal-tar 
coating apparently still was giving good protection to the iron over 
most of the inside surface. 


Holes in Coal-Tar Coatings 
The remarks in regard to holes in coal-tar coatings will be con- 
fined to the inside coating of cast-iron pipe. The thin coal-tar coating 


now extensively applied to such pipes is not likely to be free of holes, 
even though the iron surface is much smeother on centrifugally cast 
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Fic. 16.—TuUBERCLES ALONG THE Bottom oF 6-INCH CasT-IRON PIPE aArTER 53 YEARS 
OF SERVICE. 
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pipe than on the pipe made years ago. Corrosion, therefore, starts 
in numerous places immediately after exposure to water. Most of 
the holes through the coal-tar at first are too small to be detected 
with a microscope, and it is only by submerging in water, so that 
very small rust spots appear, that the holes can be detected. 

Upon examining some pipe which had been in service a number 
of years, one pipe, exposed to chlorinated Lake Michigan water, 
showed the presence of 1,000 holes per square inch of pipe wall 
through the coal-tar, when examined under a low-magnification micro- 
scope. Figure 18 is a photomicrograph of the pipe surface. All of 
the corrosion was stopped by natural reactions before the corrosion 
spots were large enough to be detected with the eye. Figure 19 is 
a photomicrograph of the surface of a pipe, exposed to lake water 
for a number of years and later to filtered water, in which the treat- 
ment did not restore calcium-carbonate-solubility equilibrium. The 
number of rust spots was about the same as for the other pipe, but 
there was the presence of a much larger number of active corrosion 
spots. The healing was not rapid and the pipe surface, after exposure 
to the air, showed reddish color over much of the surface. Within 
the course of years, given waters of the same characteristics, this pipe 
most likely will show much more corrosion than that of the pipe ex- 
posed to the raw lake water, except for chlorination. 


New Coal-Tar-Coated Pipe 


The writer is particularly disturbed about coal-tar coatings now 
being applied by at least some of the pipe manufacturers. Years ago, 
coal-tar-coated pipe could be stored in yards a number of years 
without damage to the coal-tar on the inside of the pipe. The few 
pipe yards visited in various cities recently present a different picture. 
The coal-tar coating is peeling off after exposure of a few months 
to two or three years to the air on a considerable portion of the stored 
pipe. Air exposure may be severe, but surely the manufacturer can 
do better than this. Most likely some of the manufacturers are doing 
better. 


Removing Tubercles from Corroded Pipe 


Those who have had experience in removing rust tubercles from 
iron pipe realize this is not a permanent restoration of the condition 
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inside of the pipe line. If a truckload of tubercles is removed in 
cleaning a water main, within six to twelve months the pipe is ready 
for more than a truckload of tubercles to be removed at the second 
cleaning. Each successive cleaning removes more of the protective 
coating on the pipe surface and increases the tuberculation. The 
amount of tubercles removed most likely will increase to several 
truckloads at each cleaning within a few years. 

Within the past few years effort has been made to re-coat the 
pipe surface after cleaning. Thick cement lining may be applied to 
large-size pipe lines and the result should be good; however, it is 
not possible to get inside a small pipe. Other methods of coating small 
pipe have been perfected. The writer has no information on the 
effectiveness of coatings applied to small water mains. A great need 
of the water industry is some means of recoating the inside of small 
pipe. 

Crazing 


In some instances crazing occurs in the coal-tar coating, as shown 
in Figures 20 and 21. Rusting often occurs along the lines of the 
crazing, because holes are opened to the metal surface. 


The Everlasting Coating 


Calcium carbonate is the only known everlasting coating for 
iron pipe. The Lake Michigan water without chemical treatment 
will, within the course of years, form a thin calcium-carbonate coating 
that will last indefinitely. Figure 22 is a photograph of the inside 
surface of a pipe, for many years exposed to Lake Michigan water. 
This coating is so thin that it obviously could not produce much of 
an increase in friction loss, yet it was giving complete protection to 
the metal. No coal-tar was found on this piece of pipe. If a coating 
was applied by the manufacturer, it disappeared years ago. A calcium- 
carbonate coating can be maintained only when exposed to water 
that is saturated or slightly supersaturated with calcium carbonate. 


Corrosion Is Causing a Great Loss 


The value of iron piping, used in conveying water, is an enormous 
sum. The iron metal, unless attacked by some foreign force, is an 
indestructible element and will last forever; it does not weaken with 
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age. Protected from attack, the iron in the pipes in our homes or 
the streets of our cities will be just as strong 1,000 years from now 
as it is today. With full knowledge of these facts, we permit annually 
many millions of dollars worth of piping to corrode until it no longer 
is serviceable, or its carrying capacity is so greatly reduced that addi- 
tional piping has to be installed, to provide the needed carrying 
capacity of the system. 

Protection from corrosion has baffled the scientists from the very 
beginning of the extensive use of iron piping. The manufacturer has 
done the very best he knows how in applying protective coatings. The 
thing we must fully realize is that coatings generally used will not 
last forever. Not much piping 50 vears in service has the original 
coating on the surface, giving full protection to the iron. All piping 
now in service will be over this age 50 years from now. 

Replacement of small piping in homes alone costs annually many 
millions of dollars in the cities of the United States. Reduction in 
carrying capacity of the mains in the streets is costing the water works 
a considerable sum, in addition to the consumer cost. We should 
wake up and find means of combating this economic loss. 


Cement-Mortar Coatings 


The use of Portland cement mortar for lining cast-iron pipe is 
on the increase, and some of the consulting engineers in the areas 
where the natural waters generally are corrosive have stated that they 
are specifying cement-mortar-lined pipe for nearly all of their work. 
The writer believes the mortar lining is the best coating known at 
the present time. A word of warning is believed advisable. Such a 
coating is not going to be free of trouble indefinitely. If the water 
is such that it dissolves calcium carbonate, the calcium in the cement 
eventually disappears. After this happens, we do not know if the 
other ingredients of the cement mortar will remain in place or break 
loose from the pipe. As long as it remains on the pipe surface, it 
should give good protection to the pipe. Many years will have to 
elapse before we can appraise the value of cement-mortar linings. 
It does give promise of being much more durable than coal-tar 
coatings. 

The water works can do much to prolong the life of cement- 
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mortar Coatings by treating the water to the saturation equilibrium 
of calcium carbonate. Then the calcium will not be dissolved from 
the mortar and it should last hundreds of years. Coating the mortar 
with coal tar or other pipe coating should prolong the life of the 
mortar, at least to the extent of the life of the coating. 


SUMMARY 


1. A study has been made of some of the factors which affect 
the corrosion of cast-iron pipe. This has been limited largely to a 
study of the life of coal-tar coatings. 

2. Unless protected, cast iron will corrode when exposed to 
most of our natural waters. The extent of the corrosion is influenced 
by the tendency of the water to form protective films. 

3. Waters which readily dissolve calcium carbonate generally 
are quite corrosive to cast-iron pipe. The effect on the carrying capac- 
ity of the pipe often is noticed within a few years after installation 
of the pipe. 

4. Most waters used for public supplies-do not corrode to the 
extent of materially weakening the strength of cast-iron pipe, as is the 
case with wrought-iron and steel pipe. The chief damage to such 
piping is the increase in friction loss from tuberculation. 

5. Certain waters, such as the Great Lakes waters, are not very 
corrosive to cast-iron pipe. However, chemical treatment and filtra- 
tion often greatly increase the corrosiveness of the waters. 

6. The coal-tar coating on the piping exposed to the raw Lake 
Michigan water for periods of 30 to 50 years generally is blistered 
and of a disintegrated structure, but is giving good protection to the 
piping. Chemical treatment and filtration cause the disintegrated 
coal-tar coating to be washed away from the pipe surface and allow 
corrosion to take place. 

7. Tubercles which form in piping exposed to raw Lake Michi- 
gan water often are cone-shaped, with the points of the cones pointing 
upstream. These tubercles become dormant before growing to large 
size, and these may remain on the pipe surtace indefinitely without 
change. 

8. Cast-iron pipe, exposed to Lake Michigan water 70 to 100 
years, generally has no coal-tar coating. The pipe surface is coated 
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with a thin layer of calcium carbonate, that gives excellent protection 
against corrosion. 

9. Chemical treatment and filtration of the Great Lakes water, 
without restoring it to the original pH, increase its corrosiveness to 
the extent that the calcium-carbonate coating is dissolved. Rapid 
corrosion then takes place. 

10. Coal-tar coatings, which appear sound to the eye, may con- 
tain numerous holes. Some of the holes become the origin of tubercles. 
Most of the holes become filled with the products of corrosion to 
such extent that further corrosion is stopped. 

11. Crazing of coal-tar coatings occurs occasionally. Cracks 
which open to the iron surface allow corrosion to take place along 
the crack. 

12. Waters which have a pH at the saturation equilibrium of 
calcium carbonate, or slightly above, generally prevent the formation 
of rust in piping coated with coal-tar. Most waters can and should 
be treated to the extent that the water is saturated with calcium 
carbonate. 

13. Coatings on cast-iron pipe that will last several hundred 
years are a great need of the industry. 

14. Cement-mortar coatings give promise of being much more 
permanent than coal-tar coatings. 


BOOK REVIEW 


BOOK REVIEW 


MAN AND Epipemics. By C.-E. A. Winslow. 246 pp. Princeton, 
N. J.: Princeton University Press, 1952. $4.00. 


This volume presents for the general reader an interesting ac- 
count of the manner in which the science of public health has reached 
its conclusions and what results have been achieved. The author 
sketches the research and planning, as well as the medical and engi- 
neering practices, which make it possible for the average citizen to 
take an ample supply of pure water from the tap, to enjoy a sanitary 
milk supply and to eat at a restaurant without fear of infection. The 
book also furnishes a historical and philosophical background for 
the professional public-health worker, although it is not designed 
primarily for the expert. 


The list of chapters is as follows: 


The Evolution of the Public Health Program. 
Objectives and Approaches. 

The Problem of Pure Water. 

Disposal of Human Wastes. 

Milk Supply. 

Sanitary Problems of Food Supply. 

Insects and the Transmission of Disease. 
Scourges of the Past. 

Challenges of the Future. 


The author devotes 30 pages to the problem of pure water. In 
this chapter he discusses the engineering problems of water supply; 
physical and chemical properties of water supply; epidemics of water- 
borne disease; purification by storage, by slow sand filtration, by coagu- 
lation and rapid sand filtration, and by chemical disinfection; and 
results of water purification. 

The book contains a 5-page list of references and an 8-page index, 
as well as 17 illustrations. 


Grorce C. Houser 
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PROCEEDINGS 
NoveMBER 1952 MEETING 
Hotet STat_er, Boston, Mass. 
Tuurspay, NOVEMBER 20, 1952 


President Stanley M. Dore in the Chair. 


President Dore announced the death of Walter C. Conroy, who 
had been a member of the Association since June, 1929, and who in 
the years 1945 and 1946 was Secretary of this Association. 


Secretary Knox announced the election of the following to mem- 
bership in the Association: Charles C. DeFronzo, Superintendent of 
Public Works, Saugus, Mass.; Virgil Walter Langworthy, Research 
Chemist, The Chlorine Institute, New York, N. Y.; Edwin A. Schmitt, 
Head Engineer and Chief, Water Supply Division, Washington Aque- 
duct System, Washington, D. C.; Edward P. Williams, President, 
Guilford-Chester Water Co., Clinton, Conn.; Edward J. McDermott, 
Chief Accountant, Water Bureau, Metropolitan District, Hartford, 
Conn.; Ralph E. Preble, Jr., Town Engineer and Manager of Water 
Department, Ipswich, Mass.; Gilbert T. Joly, Assistant Sanitary 
Engineer, Massachusetts Department of Public Health, Boston, Mass. 


Associate: National Supply Engine Corp., Gloucester, Mass. 


A talk was given by Edgar F. Copell, Commissioner, Metropoli- 
tan District Commission, Boston, Mass., on ‘Recreational Use of 
Metropolitan District Commission Reservoirs.” 


A paper on “History and Problems of the Bangor, Maine, Water 
Department” was read by Donald P. Johnston, Superintendent, Water 
Department, Bangor, Me. 


A paper on “Rehabilitation of the Exeter, New Hampshire, Water 


System” was read by Horace L. Clark, Consulting Engineer, Alfred, 
Me 
. 
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PROCEEDINGS 


DeceMBER 1952 MEETING 
Hore Boston, Mass. 
THURSDAY, DECEMBER 18, 1952 
President Stanley M. Dore in the Chair. 


Secretary Knox announced the election by the Executive Com- 
mittee of the following new member: Elmer S. Whiteley, Osterville 
Water Department, Osterville, Mass. 


An illustrated talk was given on “Rain Making” by Dr. Wallace 
ik. Howell, of W. E. Howell Associates, Cambridge, Mass. 


A paper on “Hudson River Pumping Station Plant of the Dela- 
ware Aqueduct, Board of Water Supply, City of New York,” prepared 
by Torris Eide, Department Engineer, Board of Water Supply, New 
York, N. Y., was read by Walter J. Gress, Senior Division Engineer, 
Design Department, Board of Water Supply, New York, N. Y. 
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Tentative Standard Specifications for 


Gate Valves for Ordinary Water Works Service 


These specifications have been de- 
veloped by an AWWA committee with 
NEWWA representation. They in- 
clude, directly or by reference, stipula- 
tions concerning materials and are in- 
tended to assist purchasers in obtain- 


Sec. 1.1—Scope 


These specifications cover iron-body, 
bronze-mounted valves intended for 
ordinary water works service in ap- 
proximately level setting on buried 
pipelines in municipal water distribu- 
tion systems, and include: double-disc 
gate valves with nonrising stems (Fig. 
1), having either parallel or inclined 
seats, and solid-wedge gate valves with 
nonrising stems (Fig. 2). 


Sec. 1.2—Valve Pressure Ratings 


Valves shall be designed for opera- 
tion at working water pressures not ex- 
ceeding 175 psi for valve diameters of 
3 to 12 in, inclusive, and 150 psi for 
valves from 16 to 48 in., inclusive. 
Operating pressures or sizes of valves 
which fall outside these limits are be- 
yond the intended scope of these speci- 
fications and require special consid- 
eration in design and construction. 


Sec. 1.3—Conditions Not Covered 


These specifigations are not intended 
to cover of installa- 
tion or operation—such as_ built-in 
power drive; installation in vertical or 
steeply inclined lines; conveyance of 


Introduction 


Section 1—General 
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ing gate valves suitable for ordinary 
water works service. The specitica- 
tions provide dimensions for bell and 
flanged ends of valves and include all 
dimensional information that is essen- 
tial to uniformity of production. 


water of unusual corrosivity (pH less 
than 5) ; excessive water hammer ; fre- 
quent operation, as in filter service; or 
operation in throttled position. Such 
conditions are beyond the intended 
scope of these specifications and re- 
quire special consideration in matters 
of design and construction. 


Sec. 1.4—Information to Be Supplied 
by Purchaser; Supplementary 
Specifications 


1.4.1. In placing orders for valves 
to be manufactured in accordance with 
these specifications, purchasers should 
specify the following details: 

1.4.2. Specification used—that is, 
AWWA C500. 

1.4.3. Size of valve. 

1.4.4. Quantity required. 

1.4.5. Type of valve as specified 
under Sec. 1.1. ‘i 

1.4.6. Whether records of tests are 
to be furnished as specified under Sec. 
2.2. 

1.4.7. Type of valve ends—bell or 
flanged as specified under Sec. 6. 

1.4.8. Detailed description of end 
connections if not bell or flange, or if 
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bell or flange dimensions are to be 
other than as specified in Sec. 6. 

1.4.9. Class or outside diameter of 
pipe to be used with valves 30 in. or 
larger, as specified under Sec. 6.1.1. 

1.4.10. Intended position of valve 
in line—that is, horizontal or vertical. 

1.4.11. Solid bronze discs, if re- 
quired, as specified under Sec. 7.2.1. 

1.4.12. If desired, acceptance of O- 
ring stuffing box if manufacturer offers 
valves so designed (see footnote under 
Sec. 13.1). 

1.4.13. Detailed description of 
wrench nuts, if not in accordance with 
Sec. 16. 

1.4.14. Direction in which wrench 
nut shall turn to open—whether right 


(clockwise) or left (counter-clock- 
wise ). 
1.4.15. Gears, if required, as speci- 


fied under Sec. 17. 

1.4.16. Cast-iron gears, if required, 
as specified under Sec. 17.2.1. 

1.4.17. Whether gear cases are not 
to be provided, as specified under Sec. 
18. 

1.4.18. Position indicator, if re- 
quired, as specified under Sec. 19. 

1.4.19. By-pass, if required, as 
specified under Sec. 20. Unless other- 
wise specified, the position of the by- 
pass on the valve body shall be as 
shown in Fig. 3, Position A or B. 
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1.4.20. Spot-facing, if required, as 
specified under Sec. 22.2.1. 

1.4.21. Special cast markings, if re- 
quired, as specified under Sec. 24. 
1.4.22. Manufacturer’s certification 


of tests, if required, as stated under 
Sec. 26.2. 


Sec. 1.5—Data to Be Furnished by 
the Manufacturer 


1.5.1. After purchase, the manufac- 
turer shall, if requested, furnish catalog 
data, including illustrations, and a 
schedule of parts and the materials 
of which they are made, in sufficient 
detail to serve as a guide in the assem- 
bly and taking down of the valve, as 
well as in ordering repair parts. 

1.5.2. When required, the manu- 
facturer shall furnish a statement of 
the total net assembled weight for each 
size of valve. 

1.5.3. When required, the manu- 
facturer shall submit for approval by 
the purchaser one set of certified draw- 
ings, showing the principal dimensions, 
construction details, and materials used 
for all parts of the valve. All work 
shall be done and all valves shall be 
furnished in accordance with these cer- 
tified drawings, after they have been 
approved by the purchaser. 


Section 2—Materials 


Sec. 2.1—General 


All materials designated hereinafter, 
when used in valves produced under 
these specifications, shall conform to 
the specifications designated below for 
each material listed. When reference 
is made to American Standards Assn. 
(ASA), American Society for Testing 
Materials (ASTM), or other specifica- 
tions, it is understood that the latest 
revision thereof shall apply. 


Sec. 2.2—Determination of Physical 

and Chemical Properties 

2.2.1. The requirements of ASA, 
ASTM, or other standard specifica- 
tions, to which reference is made else- 
where in this text, shall govern the 
physical and chemical characteristics 
of the valve components. 

2.2.2. Whenever valve components 
are to be made in conformance with 
ASA, ASTM, or other specifications, 


and these specifications include test re- 
quirements or testing procedures, such 
requirements or procedures shall be 
met by the valve manufacturer. The 
records of such tests shall, if required 
by purchaser, be made available to him. 


Sec. 2.3—Cast Iron 


2.3.1. Cast iron shall conform to 
ASTM Specification A126. 


Sec. 2.4—Bronze * 


2.4.1. Grade I cast bronze shall 
conform to the properties of ASTM 
B62. 

2.4.2. Grade II cast bronze shall 
conform to the properties of ASTM 
B132, Alloy A. 

2.4.3. Grade III cast bronze shall 
conform to the properties of ASTM 
B132, Alloy B. 


Sec. 3.1—Resistance to Stress 


All parts of all valves shall be de- 
signed to withstand safely, without 
permanent distortion and_ without 
structural damage, both the stresses 
resulting from an internal test pres- 
sure of 300 psi and the combined 
stresses resulting from the full, internal, 
specified, service, working water pres- 
sure as specified under Sec. 1.2, when 
the gates or wedge moves across the 
seats, under full unbalanced working 
water pressure from the fully closed 


* Grades II, Ill, and IV bronze must not 
be used in a system in which the water has 
been lime softened and is distributed at a 
high pH, as such water will remove zinc 
from the bronze. These materials are speci- 
fied for valve stems, guide contacts for 
wedge gate valves, wedges for gate valves, 
etc. Alternate matcrials acceptable to the 
manufacturer and to the purchaser must be 
used with such waters. 
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Section 3—General Design 
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2.4.4. Grade IV rolled bronze shall 
conform to the properties of ASTM 
B21, Alloy A (one-half hard). 

2.4.5. Grade V bronze shall be suf- 
ficiently malleable to conform to dove- 
tailed grooves when peened or rolled, 
and shall have a minimum compres- 


sive strength, without deformation, of 
4,000 psi. 


Sec. 2.5—Steel 


2.5.1. Body bolts and nuts shall 
conform to ASTM A307, Grade B. 

2.5.2. Carbon steel castings, when 
used, shall conform to ASTM A27 
Grade U60-30. 


Sec. 2.6—Babbitt 


2.6.1. Babbitt metal shall conform 
to ASTM B23. 


position to the point of full opening; 
thence to complete closure. 


Sec. 3.2—Basis of Structural Design 


All parts of valves, including body 
and bonnet, shall be so proportioned 
that it will be possible to apply suffi- 
cient torque to the stem, in the closing 
direction, with the valve closed and 
with the valve internally subjected to 
the working water pressure, to cause 
the stem to fail without causing per- 
manent distortion of any part other 
than the stem. 


Sec. 3.3—Size of Waterway 


With the valve open, an unobstructed 
waterway shall be afforded, the diam- 
eter of which is not less than the full 
nominal diameter of the valve, except 
that, if lugs are provided for inserting 
or removing the body-seat rings, they 
need not be cleaned out after the valve 
is assembled. 
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Sec. 4.1—Design 


4.1.1. It is recognized that some 
variations are unavoidable in the mak- 
ing of patterns and castings. In order 
to define what may be considered a 
reasonable degree of accuracy in shell 
thickness measurements, the following 
inspection limits shall be allowed: 

4.1.2. Shell thickness measurements 
taken at points diametrically opposite 
each other shall, when added together 
and divided by two, equal or exceed 
the minimum metal thicknesses given 
in Table 1. Shell thicknesses at no 
point shall be more than 124 per cent 
below the minimum metal thicknesses 
called for in Table 1, and no continu- 
ous area of deficient thickness shall 
exceed 12} per cent of the superficial 
area of the casting. 

4.1.3. All metal sections and ribbing 
shall be properly proportioned, and 
corners shall have well-rounded fillets, 
in accordance with the best foundry 
practice. In double-disc gate valves, 
the body and bonnet shall be designed 
to reduce the side clearance of the discs. 

4.1.4. The valve body shall be ma- 
chined and threaded for shoulder-seated 
(or bottom-seated) body-seat rings, 
with sufficient depth of thread and ac- 
curacy of seating surface to prevent 
leakage behind the body-seat rings. 

4.1.5. The thrust-bearing recess and 
the stem opening in the bonnet shall be 
finished. In valves 16 in. in diameter 
and larger, the thrust-bearing recess 
shall be Grade I or II bronze-lined, and 
the stem opening shall be Grade I or II 
bronze-bushed. 

4.1.6. In horizontal-stem valves 16 
in. in diameter and larger, and in ver- 
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Section 4—Bodies and Bonnets 


tical-stem valves 24 in. in diameter and 
larger, a pair of accurately matched 
dowel holes and tapered or round-end 
dowels shall be provided in the flanges 
of body and bonnets to aid in assem- 


TABLE 1 
Minimum Thickness of Bodies and Bonnets 
Valve Minimum 
Diameter Thickness* 
in. in. 
3 0.37 (%) 
4 0.40 (43) 
6 0.43 
& 0.50 (4) 
10 0.63 (%) 
12 0.68 (42) 
16 0.85 (44) 
20 0.97 (34) 
24 1.08 (14) 
30 1.39 (143) 
36 1.54 (144) 
42 1.58 (14%) 
48 1.73 (133) 


* The decimal value should be used when the two 
expressions are not exactly equivalent. The figures 
listed are taken from ASA A21.2 (AWWA C102), 
specification for cast-iron pit-cast pipe for water or 
other liquids. Thicknesses of valves up to and in 
cluding the 36 in. are the same as those specified for 
Class 250 pit-cast pipe. Thicknesses of 42- and 48-in. 
valves are the same as those specified for Class 200 
pit-cast pipe. 


bling. Dowels shall be located at op- 
posite ends of the flange, one near lat- 


eral center line, and other approxi- 
mately 2 in. from lateral center line. 


Sec. 4.2—Material 


Bodies and bonnets of valves 10 in. 
and larger in size shall be made of cast 
iron of not less than “Class B” mate- 
rial as specified in ASTM A126. 
Bodies and bonnets of valves less than 
10 in. in size shall be made of cast iron 
of quality not less than Class A mate- 
rial specified in ASTM A126. 


Section 5—Bonnet Bolting 


Body bolts and nuts shall conform 
to ASTM A307, Grade B. Bolts and 


nuts shall be either cadmium-plated or 


zinc-coated (ASTM A123), or rust- 
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proofed by some other process (parker- 
izing, sherardizing, etc.), disclosed to, 
and acceptable to, the purchaser. Body 
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bolt studs shall conform to the thread- 
ing and physical requirements of 
ASTM A307 Grade B. 


Section 6—Valve Ends 


Sec. 6.1—Ends for Bell-and-Spigot 

Pipe 

6.1.1. Valves designed for installa- 
tion with bell-and-spigot pipe shall be 
cast with bells on each end of the valve. 
The dimensions of the bells on valves 
up to and including 24 in. in diameter 
shall conform to those for Class C * 
special castings, as required by AW 
WA C100. On valves 30 in. and 
larger in size, either the bell dimen- 


sions, the class, or the outside diameter 
of the pipe to be used shall be specified 
by the purchaser. 


Sec. 6.2—Ends for Flanged Pipe 


The end flanges of flanged gate 
valves shall conform in dimensions and 
drilling to the standard ASA B16.1 for 
cast-iron flanges and flanged fittings, 
Class 125, unless explicitly provided 
otherwise in the supplementary speci- 
fications. 


Section 7—Gates and Rings 


Sec. 7.1—Design 
7.1.1. Cast-iron gates shall be fitted 


with separate rings in such a manner as 
to preclude loosening or leaking be- 
hind the seats, with cross section suf- 
ficiently stiff to resist accidental defor- 
mation in handling and assembly. 

7.1.2. Gate rings shall be rolled, 
peened, or pressed into grooves ma- 
chined in the discs, or fastened by 
some other method disclosed to, and 
acceptable to, the purchaser. 

7.1.3. Finish cuts shall be taken 
over the gate rings after they have been 
fully secured in place. 

7.1.4. The width of the face of the 
gate rings shall not be less than that 


of the body-seat rings, and there shall 
he provided a sufficiently greater width 
to permit the gates to continue to seat 
tightly after allowing for reasonable 
wear of the faces of the rings, and of 
the various parts of the mechanism of 
the gate. 


Sec. 7.2—Material 


7.2.1. Valve gates or wedges shall 
he made of cast-iron or Grade | bronze, 
at the manuiacturer’s option, unless 
bronze is explicitly required by the 
purchaser’s supplementary specifica- 
tions. 

7.2.2. Gate rings shall be made of 
Grade V bronze. 


Section 8—Body-Seat Rings 


Sec. 8.1—Design 
8.1.1. Body-seat rings shall be back- 


faced, the threads accurately cut, and 


* AWWA C100 Class C Bell Diameter 


Size of Pipe ID of Bell 

in. in. 

4 5.80 

6 7.90 

8 10.10 
10 12.20 
12 14.30 
16 18.80 


the rings shall be screwed into ma- 
chined seats in the body. They shall 
be made with cross section sufficiently 
stiff to resist accidental deformation in 
handling and assembly. 

8.1.2. The width of body-seat ring 
shall be sufficient to result in a bearing 
pressure of the gate on the body-seat 
ring of not more than 2,000 psi under 
the hydrostatic pressure of 300 psi. 


: 
J 
20 23.06 
24 27.32 
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The thickness of the body-seat ring 
shall be not less than 20 per cent of the 
width of the face as calculated from the 
above requirement. 
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Sec. 8.2—Material 


Body-seat rings shall be made of 
Grade I bronze. 


Section 9—Wedging Device 


Sec. 9.1—Design 


Gate valves of the double-disc type 
shall be equipped with a free and posi- 
tive-operating internal wedging device, 
simple and rugged in design, which, in 
closing the valve, will operate (when 
discs are opposite the ports) to press 
the discs firmly against the body seats 
and release them therefrom before the 
valve starts to open. 


Sec. 9.2—Material 


9.2.1. Bronze used for wedges shall 
be Grade I, II, or III. 
9.2.2. Pins and bolts in the wedging 


mechanism of all valves shall be Grade 
IV bronze. 


9.2.3. In valves 16 in. in diameter 
and larger, all wedging surfaces shall 
be Grade I, II, or III bronze to bronze; 
in valves of diameters from 3 to 12 
in., inclusive, all wedging surfaces may 
be Grade I, II, or III bronze to iron, 
but not iron to iron. At the manu- 
facturer’s option (subject to purchas- 
er’s approval), monel made to Navy 
Specification 46MI may be used for 
wedging surfaces instead of Grade I 
bronze. 


Section 10—Guides (Wedge-Gate Valves) 


In solid-wedge gate valves, tongue- 
and-groove guides shall be provided on 
the sides of the gate and in the body 
to keep the gate centered between the 
seats throughout its full length of 
travel. In valves 16 in. in diameter and 
larger, bearing of gate on guides shall 


have length equal to at least 50 per cent 
of the port diameter of the valves, and 
the grooves in the gate shall be Grade 
I, II, III, or IV bronze-faced to bear 
against the guides in the body. Guide 
contacts shall be Grade II, III, or IV 


bronze to bronze. 


Section 11—Rollers and Tracks for Horizontal Valves 


Sec. 11.1—Double-Disc Valves 


11.1.1. Gate valves of double-disc 
type, 16 in. in diameter and larger, de- 
signed to lie horizontally in a horizontal 
pipeline, shall be equipped with solid 
(Grade I or IV) bronze or hard bab- 
bitt tracks securely fastened in body 
and bonnet, carrying the weight of the 
gates throughout their entire length of 
travel on rollers. Babbitt metal for 
tracks shall conform to ASTM B23, 
Grade 3. 


11.1.2. In double-disc gate valves 
of the “rolling-dise” type, the discs will 
serve as rollers. 


11.1.3. In double-disc valves of 
other than the rolling-disc type, the 
discs shall be carried on solid (Grade 
I, IJ, Il], or IV) bronze roliers se- 
curely attached to them. 


Sec. 11.2—Wedge-Gate Valves 


In gate valves of the solid-wedge 
type, 16 in. in diameter and larger, de- 
signed to lie horizontally in a horizontal 
pipeline, the tongue-and-groove gate 
guides shall be modified with rollers or 
shoes to carry the weight of the wedge 
throughout its entire length of travel on 
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solid (Grade I or IV) bronze or hard 
babbitt tracks securely fastened in the 
body and bonnett. Babbitt metal shall 
conform to ASTM B23, Grade 3. 


Sec. 11.3—Scrapers 


In all valves in which rollers and 


tracks are used, bronze scrapers (Grade 
I,-II, III, or 1V) shall be provided to 
traverse the tracks ahead of the rollers 
in both directions of travel to remove 
any foreign matter which may have ac- 
cumulated on the track. 


Section 12—Stems and Stem Nuts 


Sec. 12.1—Design 
12.1.1. All stem collars shall be 


made integral with stems. 

12.1.2. The threads of stems and 
stem nuts (disc bushings) shall be of 
the square, Acme, modified Acme or 
one-half V type, with a sufficient num- 
ber of cuts to avoid straining the metal. 


TABLE 2 
Minimum Diameter of Stem 


Min. Diam. 
of Stem 
at Base 

of Thread 


Diameter 
of Valve 
in. 

3 
4 
6 
8 
10 
12 
16 
20 
24 
30 
36 
42 
48 


12.1.3. Stems shall be turned and 
threaded straight and true, and shall 
work true and smooth and in perfect 
line throughout the lift of opening and 
thrust of closing the valve. 

12.1.4. The diameters of stems at 
the base of the thread shall be not less 
than those shown in Table 2. 


12.1.5. Stems in valves up to and 
including 20 in. in diameter shall have 
a lead of not more than 4 in. Stems in 
valves 24 in. and larger shall have a 
lead of not more than $ in. 


Sec. 12.2—Material 


12.2.1. Valve stems shall be cast, 
forged, or rolled bronze. 


TABLE 3 


Physical Characteristics for 
Manganese Bronze* 


Minimum 
Elonga- 
tion in 

2 in. 
per cent 


Minimum 
Yield 
Strength 
pss 


Minimum 
Tensile 
Strength 


Valve sizes up 
to and in- 
ing 24 in. 

Valve sizes 30 
in. and 
larger 


20,000 15 


80,000 | 32,000 15 


* For use in forged and rolled stems. 


12.2.2. Bronze for cast stems shall 
be Grade II or III for valve sizes 24 
in. and smaller, and Grade III for valve 
sizes 30 in. and larger. 

Bronze for forged and rolled stems 
shall be manganese bronze having the 
physical characteristics given in Ta- 
ble 3. 

12.2.3. Stem nuts shall be Grade I, 
II, or III bronze. 


— | 
nm. 
0.8594 | 
60,000 
1.125 
1.188 
1.438 
1.750 
1.969 
2.188 
2.50 : 
2.75 


Sec. 13.1—Design 


13.1.1. Design of the stuffing box 
shall be such that the valve can be 
packed under pressure when in the fully 
open position.* 

13.1.2. The stem opening, thrust- 
hearing recess, and bonnet face of the 
stuffing box shall be machined. In 
valves 16 in. in diameter and larger, 
both the stem opening and thrust-bear- 
ing recess shall be Grade I, bronze- 
hushed. 

13.1.3. Stuffing boxes shall have a 
depth net less than the diameter of the 


Sec. 14.1—Material 


Stuffing box packing shall. be made 
of asbestos conforming to Navy De- 
partment Specification 33-—P-26-b, 
Type A, or flax packing conforming 
to Federal Specification HH—P-106c. 


Sec. 15.1—Design 


15.1.1. The gland assembly shall be 
of solid, solid-bushed, or two-piece de- 
sign, 

15.1.2. Gland flanges (followers) 
may be formed as a flanged end on the 
gland, or as a separate part. 


Sec. 15.2—Material 


15.2.1. Glands for valves of sizes 12 
in. and smaller shall be made of Grade 
I, II, 111, 1V, or ASTM B124 bronze. 
Glands for valves of sizes larger than 
12 in. in diameter may be made of iron 


* Some manufacturers offer a valve provided with an 
O-ring stuffing box. The purchaser may accept this 
design, if he desires (see Sec. 1.4.12). 
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Section 13—Stuffing Boxes 


Section 14—Packing 


Section 15—Glands and Gland Bolts and Nuts 


valve stem. The internal diameter shall 
be large enough to contain adequate 
packing to prevent leakage around the 
stem. 


Sec. 13.2—Material 
13.2.1. The stuffing box shall be 


made of cast iron. 
13.2.2. Bronze for the stem-collar 
thrust bushings shall be Grade I. 
13.2.3. Stuffing box bolts and nuts 
shall conform to ASTM A307, Grade 
B. They shall be rust-proofed as is re- 
quired for body bolts and nuts in Sec. 5. 


Hemp packing shall not be used. 


Sec. 14.2—Installation 


Stuffing boxes shall be properly 
packed and ready for service when 
valves are delivered to the purchaser. 


with bushings « Grade I, II, III, IV, 
or ASTM B124 bronze. Glands which 
are either cadmium-plated or zinc- 
coated (ASTM A123) or rust-proofed 
by some other process, such as parker- 
izing or sherardizing, disclosed to, and 
acceptable to the purchaser, may be 
furnished. 

15.2.2. Ifa gland flange (follower) 
is used, it may be made of the same 
material as the gland. 

15.2.3. Gland bolts shall be made 
either of Grade II or IV bronze or rust- 
proofed steel according to Sec. 5. 
Gland bolt nuts shall be made of Grade 
II, or IV bronze. 
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Sec. 16.1—Design 


16.1.1. Wrench nuts shall be fitted 
to the top of the valve stem, and 
secured in position by nut, pin, or key. 

16.1.2. Unless otherwise explicitly 
required by the purchaser’s supple- 
mentary specifications, the wrench nuts 
shall be 142 in. square at the top, 2 in. 
square at the base, and 1} in. high. 
Nuts shall have a flanged base upon 
which shall be cast an arrow at least 
2 in. long showing the direction of 
opening, and the word “OPEN,” in 
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Section 16—Wrench Nuts 


j-in. or larger letters, shall be cast on 
the nut to indicate clearly the direction 
to turn the wrench when opening the 
valve. 

16.1.3. The flanged base of the nut 
may be shaped or cut away to permit 
access from the ground surface to the 
packing gland bolts with an extension 
socket wrench. 


Sec. 16.2—Material 


Wrench nuts shall be made of cast 
iron. 


Section 17—Gearing 


Sec. 17.1—Design 


17.1.1. Gears shall be accurately 
formed and smooth-running, with 
bronze spindles running in bronze, or 


TABLE 4 
Gear Ratios 
Valve Gear 
Diameter Ratio 
in. 
16 2:1 
20 
24 
30 3:1 
36 
42 4:1 
48 4:1 


When geared valves are furnished, 
enclosed gear cases are required unless 
definitely excluded by the purchaser’s 
supplementary specifications. Two 
types may be furnished—the “extended 
type” or the “totally enclosed type.” 
The extended type shall be attached to 


Section 18—Gear Cases 


with babbitt-lined bearings. Gear teeth 
shall be machine cut. 

17.1.2. Gear ratios shall not be less 
than those shown in Table 4. 


Sec. 17.2—Material 


17.2.1. Geared valves shall be 
equipped with cut-tooth steel gears, un- 
less cut-tooth cast-iron gears are ex- 
plicitly required by the purchaser’s 
supplementary specifications. Pinions 
with cast-iron gears shall be steel. 
Material for steel gears shall conform 
to the physical requirements of Specifi- 
cations ASTM A27, Grade U-60-30. 

17.2.2. Babbitt lining for bearings 
shall conform to ASTM B23, Grade 8. 


the bonnet of the valve in such manner 
as to permit repacking of the stuffing 
box of the valve without disassembly. 
The totally enclosed type shall be at- 
tached to the bonnet to enclose both 
stuffing box and gearing. 


Section 19—Indicators 


When required by purchaser’s sup- 
plementary specifications, geared valves 


shall be equipped with indicators to 
show the position of the gate in rela- 
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tion to the ports. ' The indicator mecha- 
nism shall be all bronze, enclosed in a 
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in such position that the indicator can 
be easily seen by the man operating 


dirt-proof cast-iron case, and mounted _ the valve. 
Section 20—By-passes 

By-passes, when required by pur- TABLE 5 
chaser’s supplementary specifications, Size Requirements of By-passes 
shall be of the sizes shown in Table 5 » 
and shall be located in one of the posi- on. b> teal 
tions indicated in Fig. 3. By-pass ra ra 
valves shall be the same size as the 16-20 3 
by-pass and shall conform to the re- 24-30 4 
quirement of these specifications for 36-42 6 
the specific valve size used. 8 


Sec. 21.1—Design 


Gaskets shall be full-cut, with holes 
to pass bolts, or cut to fit inside of 
bolts, and shall be used on all flanged 
joints intended to be watertight. 


Sec. 22.1—General 


All workmanship employed in the 
fabrication and assembly of valves cov- 
ered by this specification shall be first- 
class in every respect. Valve parts 
shall be designed, and manufacturing 
tolerances set, to provide interchange- 
ability in the products of any one manu- 
facturer between units of the same size 
and type, except the individual fit of 
the wedge in the body. When as- 
sembled, valves manufactured in ac- 
cordance with these specifications 


An asphalt varnish made to comply 
with Federal Specification TT-V-—Sla 
or Army & Navy Specification JAN- 
P-450 shall be applied to the ferrous 
part of the valves, except finished or 


Section 21—Gaskets 


Section 22—-Workmanship 


Section 23—Painting 


Sec. 21.2—Material 


Gasket material shall be either sheet 
asbestos, a rubber composition, or paper 
free from corrosive ingredients, either 
alkaline or acid. 


shall be well-fitted, smooth-running, 
and watertight. 


Sec. 22.2—Details 


22.2.1. Unless spot facing is re- 
quired by supplementary specifications, 
the bolt holes of the end flanges shall 
not be spot-faced, except as specified 
in ASA Standard B16.1. (See Note 
at end.) 

22.2.2. All castings shall be clean 
and sound, without defects which will 
impair their service. No plugging, 
welding, or repairing of such defects 
will be allowed. 


bearing surfaces. 


Surfaces shall be 
clean, dry, and free from grease before 
painting. Two coats shall be applied 
both to the inside and outside ferrous 
metal. 
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Markings shall be cast on the bonnet 
or body of each valve showing the 
manufacturer’s name or mark, the year 
the valve casting was made, the size 
of the valve, and the designation of 
working water pressure (150 W or 
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Section 24—Markings 


175 W). Special markings in addition 
to these can be supplied, when specified 
by supplementary requirements, upon 
agreement between purchaser and 


manufacturer. 


Section 25—Testing 


Sec. 25.1—Performance Tests 


After completion each gate valve 
shall be tested at the shop for perform- 
ance in operation, and for watertight- 
ness and resistance to distortion under 
internal pressure. Each valve shall be 
operated in the position that it will 
assume in service and for the full 
length of gate travel in both directions, 
to demonstrate the free and perfect 
functioning of all parts in the intended 
manner. Any defects of workmanship 
shall be corrected and the test repeated 
until satisfactory performance is dem- 
onstrated. 


Sec. 25.2—Hydrostatic Tests 


25.2.1. Each 3- to 12-in. valve, in- 
clusive, shall be subjected to hydro- 
static test under pressures of both 300 
and 175 psi. Each 16- to 48-in. valve, 
inclusive, shall be subjected to test 


pressures of both 300 and 150 psi. 
The tests shall be conducted in the 
following manner : 

25.2.2. For double-disc gate valves, 
the hydrostatic pressure shall be ap- 
plied inside the bonnet with gates 
closed. 

25.2.3. For solid-wedge gate valves, 
the 150- or 175-psi pressure (as re- 
quired in 25.2.1) shall be applied, 
through bulkheads, alternately to each 
side of the closed gate, with the oppo- 
site side open for inspection; the 300- 
psi pressure shall be applied with both 
ends bulkheaded and the gate open. 

25.2.4. Under the 150 or 175 psi 
test (as required in 25.2.1), all joints 
and seats shall be perfectly watertight. 
Under the 300-psi test, there shall be 
no leakage through the metal, nor 
through the flanged joints, nor shall any 
cast part be permanently deformed. 


Section 26—Inspection and Rejection 


Sec. 26.1—Purchaser’s Inspector 


All work under these specifications 
shall be subject to inspection and ap- 
proval by the purchaser’s duly author- 
ized engineer or inspector, who shall at 
all times have access to all places of 
manufacture where materials are being 
produced or fabricated or tests are be- 
ing conducted, and who shall be ac- 
corded full facilities for inspection and 
observation of tests. Any gate valve 
or part which he may condemn as not 
conforming to the requirements of these 


specifications shall be made satisfactory 
or shall be rejected and replaced. 


Sec. 26.2—Manufacturer’s Certifica- 

tion 

If the purchaser has no inspector at 
the plant, the manufacturer shall, if re- 
quested at the time the order is placed, 
certify that the required tests on the 
various materials and on the completed 
valve have been made, and that the re- 
sults of all tests conform to the require- 
ments of these specifications. 
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Sec. 27.1—General 


Valves shall be complete in all de- 
tails when shipped. The manufacturer 
shall use care in preparing them for 
shipment so that no damage due to the 
manufacturer’s negligence will occur in 


handling or in transit. Valves must be 


The valve illustrations (Fig. 1-3) 
point out some of the stipulations of 
these specifications, but show also some 
variations of commercial design on which 
the purchaser may exercise a_ choice. 
The purchaser should state all his re- 
quirements at the time of purchase. No 
one manufacturer will be prepared to fur- 
nish valves in all applicable variations. 

Requirements for spot-facing, as given 
in Sec. 22.2.1, suggest reference to Intro- 
ductory Note 12 from American Standard 
ASA B16.1: 


Spot Facing. Flanges. The bolt holes cf 


these cast-iron flanges need not be spot-faced 
for ordinary service except as follows: in sizes 
12 in. and smaller when rough flanges, after 
facing, are oversize more than ¢ in. in thickness, 
they shall be spot-faced to the specified thick- 
ness of flange (minimum) with a plus tolerance 
of yy in. 


In sizes 14 to 24 in., inclusive, when 
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Section 27—Preparation for Shipment 


Notes 


drained and completely closed before 
shipment. 


Sec. 27.2—Large Valves 


Valves 24 in. and larger in diameter 
shall be securely bolted or otherwise 
fastened to skids in such manner that 
they may be safely unloaded with a 
crane. 


rough flanges, after facing, are oversize more 
than 7 in. in thickness, they shall be spot- 
faced to the specified thickness of flange (mini- 
mum) with a plus tolerance of yy in. In sizes 
30 in. and larger when rough flanges, after fac- 
ing, are oversize more than } in. in thickness, 
they shall be spot-faced to the specified thick- 
ness of flange (minimum) with a plus tolerance 
of 4 in. 

Spot-Facing. Fittings. The bolt holes of the 
flanges on these cast-iron fittings need not be 
spot-faced on sizes smaller than 18 in. for ordi- 
nary service, except as required for oversize 
thickness of flanges as indicated above. The 
bolt holes of all flanges on fittings 18 to 24 in., 
inclusive, shall be spot-faced to the specified 
thickness of the flange (minimum) with a plus 
tolerance of py in. The bolt holes of all flanges 


on fittings 30 to 48 in., inclusive, shall be spot- 
faced to the specified thickness of the flange 
(minimum) with a plus tolerance of 4 in. 

Where spot-facing of flanges and fittings is 
necessary, the spot-facing diameter shall be in 
accordance with MSS Standard Practice SP-9- 
1947. 
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Hub End 


Fig. 1. Double-Disc Gate Valves With Nonrising Stems 


The numbers on the figure refer to the following parts: 


1—Nut for wrench nut 
2—Wrench nut 

3—Stem 

4—Gland flange (or follower) 
5—Gland 

6—Gland bolts and nuts 
7—Stem packing 
8—Stuffing box 
9—Stuffing box gasket 
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Flanged End 


10—Stuffing box bolts and nuts or studs 
and nuts 

11—Bonnet gasket 

12—Bonnet 

13—Bolts, bolt-studs, and nuts for bonnet 

14—Body 

15—Seat ring (body) 

16—Stem collar thrust bushing 
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Parallel Seat Parallel Seat 


Parallel Seat Parallel Seat 
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Parallel Seat Taper Seat Taper Seat Taper Seat 
Fig. 2. Various Double Disc Assemblies and a Solid Wedge Assembly 


All the figures illustrate double disc assemblies except the lower right hand figure 

which illustrates a wedge type assembly. The numbers on the figure refer to the 
following parts: 

1—Stem nut 4—W edge 6—Top wedge 

2—Disc 5—Wedge hook 7—-Bottom wedge 

3—Disc ring 


Position A Position B 


Fig. 3. Location of By-pass Valve 


In Position A the main valve is installed horizontally, and in Position B it is installed 
vertically. 
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for 


SHORT-BODY CAST-IRON FITTINGS, 
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For a brief history of the develop- 
ment of standard specifications for cast- 
iron pipe and fittings for water, for 
the organization and program of the 
Sectional Committee (A21) on Speci- 
fications for Cast Iron Pipe and Fit- 
tings which developed the specifica- 
tions contained herein, and for a 
description of the other specifications 
issued or in preparation by this sec- 
tional committee, reference should be 
made to the Foreword of the “Ameri- 
can Recommended Practice Manual 
for the Computation of Strength and 
Thickness of Cast Iron Pipe (ASA 
A21.1).” 

The short-body fittings described in 
the specifications which follow were 
developed to meet a growing demand 
for lighter, cheaper and more compact 
fittings than those of earlier standard 
specifications for bell-and-spigot fit 
tings for water, fittings better adapted 
to use in distribution work in city 
streets congested with other utility 
structures. This need for more com- 
pact fittings had led to a variety of 
special designs by different municipali- 
ties and manufacturers. 

The radical change in design raised 
questions of strength and hydraulic 
properties which were studied cxhaus- 
tively by Committee A21. Strength 
was investigated, with numerous burst- 
ing tests in each case, by Dean M. L. 
Enger and Prof. W. M. Lansford of the 
Dept. of Theoretical and Applied Me- 
chanics, University of Illinois (unpub- 
lished), and by the American Cast [ron 
Pipe Co. representing the Cast Iron 
Pressure Pipe Institute of the manu 
facturers (unpublished). Hydraulic 
losses, in comparison with losses in 
fittings of the current A.W.W.A. 
long-body patterns, were measured at 
the Cornell University Engineering 
Experiment Station by Prof. Ernest W. 


Foreword 


Schoder and Prof. Arthur N. Vander- 
lip; and an economic comparison of the 
short-body and the A.W.W.A. types, 
as they would be used in a typical dis- 
tribution system, was made by Allen 
T. Ricketts and Thomas H. Wiggin. 
Soth of these studies of hydraulic 
losses were published in Cornell Uni- 
versity [engineering Experiment Sta- 
tion Bulletin No. 20, September 1935 
(102 pages, $1.25). These 
for 12-in. and smaller fittings, demon- 
strated not only the strength of the 
short-body designs, but also that these 
short fittings are slightly superior eco- 
nomically in distribution systems, con- 


studies, 


sidering friction losses, the cost of 
power for pumping, and_ installation 
costs. Longer-radius bends show 


somewhat smaller losses of head, but 
the difference is so small for usual dis- 
tribution and the use of 
bends in distribution systems, except 
where limited, is so infre- 
quent, that this difference may be dis- 
regarded. 

Since cast-iron tees and crosses, es- 
pecially those with equal outlets, defy 
accurate stress analysis, the designs 
were developed on the basis of numer- 


velocities, 


space is 


ous bursting tests, with allowances for 
water hammer, for foundry tolerance 
and for a loss in thickness of 0.08 in. 
by corrosion. These fittings are of one 
class only, for a static working water 
pressure of 250 psi plus water ham- 
mer, with or 
loads, and with 
about 2}. 

The designs contemplate all bell fit 


vithout ordinary earth 
a factor of safety of 


tings. The spigots shown in Fig. 10.1 
(see p. 10) will be substituted for 


one or more bells as ordered. Fittings 
of the same body dimensions and lay 


with flange ends or ends 


ing lengths, 
for mechanical joints, may also be or- 
dered under these specifications 
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UDC 621.774.1 


American Standard Specifications for 


ASA A21.10-1952 
(AWWA C110-582) 


Short-Body Cast-Iron Fittings, 3 Inch to 12 Inch, 
for 250-psi Water Pressure Plus Water Hammer 


This specification covers 3-in. to 12-in. short-body cast-iron fittings for 
water pressure of 250 psi plus water hammer as specified in the 
“American Recommended Practice Manual for the Computation of 


Sec. 10-1—Description of Fittings 


Fittings shall be made with all bell 
ends or such other type of ends as 
may be agreed upon at the time of 
purchase. Fittings with all bell ends 
or with spigot ends shall accurately 
conform to the dimensions given in 
the tables accompanying and forming 
a part of these specifications. Fittings 
with other types of ends shall comply 
with the dimensions agreed upon but 
in all other respects shall fulfill the 
specifications hereinafter given. 


Sec. 10-2—Casting of Fittings 


Fittings shall be molded from ac- 
curate patterns. They shall not be 
stripped while sufficiently hot to be 
injured by subsequent cooling. 


Sec. 10-3—Quality of Iron 


10-3.1. All fittings shall be made 
of cast iron of good quality, and of 
such character and so adapted in chem- 
ical composition to the thickness of the 
fittings to be cast that the iron in the 
fittings shall be strong, tough, resilient, 
of even grain and soft enough for sat- 
isfactory drilling and cutting and it 
shall comply with the physical speci- 
fications given in Sec. 10-14 and 10- 


Strength and Thickness of Cast Iron Pipe” (ASA A21.1). 


15. The metal shall be remelted in a 
cupola or other suitable furnace. 

10-3.2. The iron in the fittings 
shall not contain more than 0.90 per 
cent of phosphorus nor more than 0.12 
per cent of sulfur. Samples for chemi- 
cal analysis shall be taken by drilling 
completely through from skin to skin 
each of the acceptance test specimens ; 
but not to exceed three specimens per 
heat. 


Sec. 10-4—Quality of Castings 


The fittings shall be smooth and 
free from scales, lumps, blisters, satd 
holes and defects of every nature which 
unfit them for the use for which they 
are intended. No plugging, filling, 
burning-in or welding will be allowed 
except as permitted by the purchaser. 


Sec. 10-5—Foundry Records 


10-5.1. Casting. A record of the 
melting and pouring temperatures of 
the iron shall be furnished the pur 
chaser if requested. 

10-5.2. Chemical analyses. Chem 
ical analyses shall be made by the 
manufacturer from each heat to deter- 
mine total carbon, manganese, phos 
phorus, sulfur and silicon; duplicate 
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copies of test reports shall be furnished 
the purchaser on request. 


Sec, 10-6—Marking of Fittings 


very fitting shall have distinctly 
cast upon it the initials of the maker's 
name, and, if requested by the pur- 
chaser, figures showing the year in 
which it was cast. Nominal diameters, 
of openings shall be cast on all fittings 
and the fraction of the circle on all 
bends; also any initials, not exceeding 
four, which may be required by the 
purchaser. The letters and figures 
shall be cast on the outside and have 
dimensions not less than those indi 
cated below: 


Fitting Height of 

Diam. Letters Relief 
in. in, 

3-10 i 
12 1} v1 


The weight and the class shall be 
conspicuously painted in white on the 
inside or outside of each fitting after 
the coating has become hard. 


Sec. 10-7—Inspection by Purchaser 


10-7.1. Definition of “Purchaser.” 
Wherever the word “Purchaser” is 
used herein it shall be understood to 
mean the actual purchaser of the fit- 
tings or his authorized agents acting 
within the scope of the duties en- 
trusted to them. 

10-7.2. Power of purchaser to in- 
spect. The purchaser shall have free 
access at all times to all parts of any 
manufacturing plant which concern the 
manufacture of articles to be made for 
him. He may inspect the material, 
pattern work, molding, casting, coat- 
ing and lining of the fittings. The 
forms, sizes, unilormity and conditions 
of all fittings herein referred to shall 
be subject to his inspection and ap- 
proval, and he may reject any fitting 
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which is not in conformity with the 
specifications or drawings. Any fit- 
ting rejected shall be marked “rejected,” 
and any marks pertaining to the pur- 
chaser shall be chipped or erased from 
such fitting. 

10-7.3. Manufacturer to furnish 
men and materials. The manufacturer 
shall provide all tools, testing equip- 
ment, materials, labor and _ facilities 
necessary for the required testing, in- 
spection and weighing of the fittings 
at the foundry. 

10-7.4. Report of purchaser's in- 
spection. The purchaser shall make 
written report daily at the foundry 
office of all fittings rejected, noting 
causes for rejection. 


Sec. 10-8—Inspection and Certifica- 
tion by Manufacturer 


Should the purchaser have no in- 
spector at the works, the manufacturer 
shall, if required by the purchaser, 
furnish « sworn statement that the 
inspection and all of the tests have 
been made as specified, this statement 
to contain the results of all specified 
tests. 


Sec. 10-9—Fittings to Be Delivered 
Sound 


All the fittings must be delivered 
in all respects sound and conformable 
to these specifications. The inspection 
shall not relieve the manufacturer of 
any cf his obligations in this regard, 
and any defective fitting which may 
have passed the purchaser at the works 
or elsewhere shall be at all times liable 
to rejection when discovered, until the 
final completion and adjustment of the 
contract; provided, however, that the 
manufacturer shall not be held liable 
for fittings found to be cracked after 
they have been accepted at the agreed 
point of delivery, unless there shall be 
unmistakable evidence that the casting 
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was originally defective or damaged 
before acceptance. Care shall be taken 
in handling the fittings not to injure 
the coating or lining, and no material 
of any kind shall be placed in the fit- 
tings during transportation or at any 
other time after they have received the 
coating or lining. 


Sec. 10-10—Tolerances or Maximum 
Permitted Variations From Stand- 
ard 


10-10.1. Tolerances in diameter. 
All sockets and spigots shall be tested 
by circular gages. All fittings shall be 
rejected which are defective in joint 
room, or which vary more than 0.12 
in. from standard dimensions in the 
diameters of the sockets and the out- 
side diameters of spigots. 

10-10.2. Tolerances thickness. 
No variations below the standard thick- 
ness shall be permitted for 10-in. by 
10-in., 12-in. by 12-in. and 12-in. by 
10-in. tees and crosses. For other fit- 
tings, variations below the standard 
thickness shall not be greater than 
those shown in the following table and 
note: 


Nom. Diameter Minus Tolerance 
in. in. 


3, 4.and 6 0.10 
8, 10 and 12 0.12 


Note: Variations from the standard 
thickness of 0.02 in. in excess of the 
allowances above given shall be per- 
mitted for spaces not exceeding 8 in. 
in length in any direction. 

10-10.3. Allowable percentage of 
variation in weight. No fitting shall 
be accepted the weight of which shall 
be less than the standard weight by 
more than 10 per cent, and no excess 
above the standard weight of more 
than 10 per cent will be paid for. 


CAST-IRON 


FITTINGS 


Sec. 10-11—Cleaning and Inspecting 

All fittings shall have gates, fins and 
other roughnesses chipped or ground 
otf and shall be thoroughly cleaned, 
checked as to dimensions and also sub- 
jected to a careful surface inspection 
and a hammer test before being coated 
or lined. 


Sec. 10-12—-Weighing 


Each fitting shall be weighed and 
the weight and class conspicuously 
painted on the outside or inside of the 
bell or spigot end. Fittings which are 
to be lined with cement mortar or 
coated on the inside or outside, or both, 
with bituminous enamel or other spe- 
cial material shall be weighed before 
the application of such a lining or coat- 
ing. If desired by the purchaser, fit- 
tings not lined or coated with cement 
mortar, bituminous enamel or other 
special material shall be weighed after 
delivery and the weights so ascer- 
tained shall be used in the final settle- 
ment, provided such weighing is done 
by a legalized weighmaster. Unless 
otherwise stated in the contract, a ton 
shall be 2,000 Ib avoirdupois. 


Sec. 10-13—Linings and Exterior 

Coatings 

Any particular lining or coating 
which is to be applied to the fittings 
shall be specified in the agreement 
made at the time of purchase. Sepa- 
rate specifications for cement-mortar 
lining (ASA A21.4, also known as 
AWWA C104) have been provided in 
connection with these specifications for 
fittings. 

No fittings for water works service 
shall be furnished without protective 
coating unless specifically ordered by 
the purchaser. 
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Sec. 10-14—Test of Material 


The acceptability of the iron used 
in the fittings shall be determined by 
testing bars cast from the same iron as 
the fittings. The observations and the 
computed results hereinafter required 
shall be recorded, and, if requested, 
reported to the purchaser. 


Sec. 10-15—Test Bars 


10-15.1. Dimensions. Test bars 
shall be 2 in. wide, 1 in. thick and not 
less than 26 in. long. Individual test 
bars may vary as much as 2 per cent 
from the standard width or standard 
thickness, or both, but the patterns 
and molding practice shall be such 
that the errors shall in general not 
exceed 1 per cent. 

10-15.2. Methods of casting. The 
bars shall be cast vertically in well 
faced, dry sand molds provided with a 
suitable pouring basin and mounted 
on a suitable refractory foundation. 
Metal for the bars shall be obtained 
by using a small, heated ladle taking 
its metal from the main ladle from 
which the fittings are to be poured 
and after all alloys and other addi- 
tional metal, except cast iron for cool- 
ing, have been added to the main ladle 
and become melted. The bars shall 
not be removed from the mold before 
they have cooled to 500 F. 

10-15.3. When cast and to what fit- 
tings applicable. Except as hereinafter 
provided for special cases, one pair of 
test bars of the metal used shall be cast 
with iron from the first ladle, another 
pair with iron from the approximately 
middle ladle and a third pair with iron 
from the last ladle of iron taken during 
a day’s run or heat, from the cupola 
in which the iron for the fittings is 
melted. If the heat lasts for more than 
six hours, then additional pairs of bars 
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shall be cast at approximately uniform 
intervals so as to give an extra pair of 
bars for each three hours during which 
the heat lasts in excess of six hours. 
In case the charging of the cupola is 
to be changed for one or more times 
during the day’s run or heat in order 
to produce a different iron, the time of 
taking test bars shall be varied in such 
a way as to obtain representative tests 
of the iron at least at the beginning 
and end of each period during which 
the iron is intended to be constant in 
quality; and in case such period ex- 
ceeds four hours, additional pairs of 
bars shall be taken at such times as 
will provide a pair of bars for each two 
hours during which this special mix- 
ture is used. At least one bar from 
each pair shall be broken, but the 
manufacturer shall have the right to 
break both bars, in which case the bet- 
ter bar shall be taken as representative. 
Bars showing flaws in fracture may 
be disregarded. 

10-15.4. Test bar requirements to 
indicate acceptable iron. In order that 
the iron shall be acceptable, the aver- 
age results from the single bars repre- 
senting the respective pairs of bars 
cast during the heat or period shall 
comply with the requirements herein- 
after specified, and, in additio., no 
representative bar shall be more than 
5 per cent below the minimum re- 
quirements in either corrected break- 
ing load or corrected deflection. 

10--15.5. Method of testing. The 
bars shall be broken as beams by plac- 
ing them flatwise on supports 24 in. 
apart and applying the load at the 
center of the span. The breaking load 
and the corresponding deflection shall 
be observed and recorded. 

10-15.6. Correcting observed break- 
ing loads and deflections. The bars 
shall be measured at the point of ap- 
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plication of the load and the results 
corrected to standard 2-in. by 1-in. 
cross section by the conventional beam 
formula as follows: 

Corrected breaking load 


= Observed breaking load x 5 


Corrected deflection at breaking 
= Observed deflection at breaking x d 


where b is the measured width and 
d is the measured depth of the bar at 
the point of application of the load. 
In the formulas above, the deflection 
and all dimensions are in inches. 
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10-15.7. Requirements on strength 
and deflection of 2-in. by 1-in. bars. 
In order to indicate acceptable metal, 
the corrected breaking loads and de- 
flections of the representative 2-in. by 
l-in. test bars for a given heat or pe- 
riod, interpreted as provided in Sec. 
10-15.4 above, shall comply with the 
following requirements : 

Minimum center breaking load: 


2,300 Ib 


Minimum center deflection at break- 
ing : 


0.30 + 0.0001 (breaking load — 2,300) in. 


TABLE 10.1 
Weights of Short-Body Fittings 


Tees and Crosses 


Bends 


Nom, Diam. 


Weight 
in. lb 


Branch Cross 


WAR WHE WW 


Weight—lb 


Diam. 
in. 


50 
65 
100 
145 
200 
270 


Reducers 


Nom. Diam.— in 


Weight 
Large 


Small 


4 
6 
6 
8 
8 
8 
10 
10 
10 
10 
12 
12 
12 
12 
12 


n 
h 
s 
f 
S 
u 
f 
| 
1 : 
- | 
6 110 100 | 100 
‘ 105 140 8 165 145 | 145 
140 16S 10 230 200 | 200 
180 12 305 270 | 270 
6 160 210 
8 210 240 
) 8 240 305 en 4 
| 10 280 305 — 
| 10 290 320 : 
10 300 350 
| 10 320 390 3 55 
10 1 370 465 3 75 
. 12 365 390 4 80 + 
| 12 375 405 3 100 
12 385 435 4 110 I 
12 405 475 6 125 : 
| 12 | 460 555 3 125 
| 12 485 600 4 135 7 
| 6 150 
8 170 
3 160 
165 x 
6 185 
8 210 
10 235 


_ | 
"| 


—> 0.25 in 


Cc 


SPECIFICATIONS 


10.00 | 13.00 
12.10} 15.30 
14.20 | 17.60 


B ( D 


Bells and Spigots 


1.25 
1.50 
7.80 | 10.60 | 1.50 
1 
1 


1 
1.60] 0.80, 0.42 
'50| 1.70) 0.85| 0.42 


Bell and Spigot Dimensions 


Ri —F). 


tRr =F +G, 


Fic. 10.2. Concentric and Eccentric Reducers 


© 
Eccentric & 


SH W'= K +0.38 


8x3 8.10 
8x4 8.10 
8X6 8.10 


K Ri* 


1.50} 3.96 | 0.75! 0.98) 1.00! 3.50] 0748! 4.34 
| 2.00) 4.90 | 0.75) 0.98) 1.05} 4.00) 0.47) 5. 

| 2.00) 7.00 | 0.75 7 
12.00, 9.18 1.00 
2.00, 11.25 1.00 


2 13.35 | 1.00 


1.05) 1.10} 4.00} 0.50) 7.38 
1.12) 1.16] 4.00 0.54] 9.56 
1.20) 

1.28 


1.22] 4.00 0.60/11.63 
1.27] 4.00) 73 


Standard Short-Body Reducers* 


0.75 
8.10} 0.75 | 0.60 | 14.00 
0.75 


0.48 


3.96 | 0.55 | 0.52 | 9.00 
3.00 | 0.60 | 0.48 | 11.00 
3.96 | 0.60 | 0.52 | 11.00 
6.00} 0.60 | 0.55 | 11.00 
3.00 | 0.68 | 0.48 | 12.00 
3.96 | 0.68 | 0.52 | 12.00 
6.00 | 0.68 | 0.55 | 12.00 
8.10 | 0.68 | 0.60 | 12.00 
3.00 | 0.75 | 0.48 | 14.00 
3.96} 0.75 | 052 | 14.00 


0.55 | 14.00 


0.68 


sions, see Fig. 10.1 


* S; equals 1.5 in. for 3-in. size; S; equals 2.0 in. for 
4-in. through 12-in. size. 


For bell and spigot dimen 


6 STANDARD 
| TTI LLL LLL 
| || | 
| 0.40 in | | 
| | | 
| 
S/f a 
Bell Spigot 
Fic. 101. 
3 
Nom | | | | | 
Diam.| A E F | 64 re | S | T, | wt 
m 
3 | 3.00 1.30) 0.65) 0.35 
4 | 3.96 1.30) 0.65) 0.40 
6 6.00 1.40) 0.70) 0.4¢ 
8 | 8.10 
10 | 10.04 
P 
Sty 
J 
= | As | As | Ms | Ve 
| 4x3 | 3.96 3.00] 0.52 | 0.48 | 7.00 
© 6X3 6.00} 3.00! 0.55 | | 9.00 
< 6x4 6.00 
Concentric 
|10.04} 
10x6 | 10.04 
10X8 | 10.04 
12«3 12.00 
12x6 | 12.00 
12x8 | 12.00 
1210 | 12.00} 1 
x: © | | 
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Crotch Detail 3-12 in 


Crotch Detail 3 


1 1, | 
| 3.00} 3.00) 
1x43 | 3.96} 3.00) 
4&4 | 3.96] 3.96 
| 6.00} 3.00 
6X4 | 6.00)! 3.96 
6x6 6.00 6.00! 
8.10! 3.00) 
8x4 | 8.10! 3.96 
8X6 8.10 | 6.00 
8x8 | 8.10} 8.10) 


10x3 | 10.04 | 3.00 


12 in 


Reducing Tees and Crosses 


Straight Tees and Crosses 
~ 
mek 
Ay 
/\ 
He N V | 


6.5 
&.0 
8.0 
8.0 
9.0 
90 
90 | 
9.0 | 


11.00 | 11,00 | 0.68 
| | | 


Fic. 10.3. 


Standard Short-Body Tees and Crosses* 


5.5 | 0.48) 0.48) 104 | 10,04! 3.96! 
6.5 10.52 048) | 10.04!) 6.00] 
6.5 | 0.52 0.52) | 10.04) 8.10 
8.0 | 0.55 0.48) 10” 10) 10.04 19.04 
8.0 | 0.55) 0.52) 12%3 | 12.00} 3.90 
8.0 | 0.55) 0.55) 12*4 | 12.00} 3.96 
9.0 | 0.60) 0.48) 12.00} 6.00 
9.0 | 0.60; 0.52) 12*8 12.00} 8.10 
9.0 | 0.60 0.55) 12.00! 10.04 
9.0 | 0.60, 0.60 1212 | 12.00) 12.00 

0.48) | | 


* S; equals 1.5 in. for 
see Fig. 10.1 


3-in. size 


S; equals 2.0 in. for 4-in 


Tees and Crosses 


| | 


through 12-in, size 


0.68) 0.52 
0.68) 0.55 
0 68} 0.60 
0.80) 0.80 
0.75) 0.48 
0.75! 0.52 
0.75) 0.55 
0.75! 0.60 
0.87| 0.80 
0.87) 0.87 


| 


11.00 | 
11.00 
11.00 
| 11.00 
| 12.00 
12.00 | 
12.00 | 
12.00 
12.00 
12.00 


11.00 | 
11.00 
11.00 
11.00 
12.00 
12.00 
12.00 
12.00 
12.00 
12.00 


w bell and spigot dimensions 
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All Bends 


3 | 3.00 
4 | 3.96 
6.00 
8.10 

10.04 


| 
12.00 
| 


0.48 
0.52 
0.55 
0.60 
0.68 
0.75 


Fic. 10.4. Short-Body Bends 


Standard Short-Body Bends 


* 


1 
Bends 


} Bend 
6 =90° 


4 Bend 


M 
5.50 
6.50 
8.00 
9.00 | 
11.00 
12.00 


4.00 
4.50 
6.00 
7.00 
9.00 
10.00 


4.00 
5.00 
5.50 
6.50 
7.50 


Rs 

7.56 
10.06 
15.06 
17.63 
22.62 
27.62 


* Si equals 1.5 in, for 3-in. size; S; equals 2.0 in. for 4-in. through 12-in. size 


see Fig. 10.1, 


For bell and spigot dimensions 


| 
| sf \N 
\ 
R, 
= ONS b= \ 
| 7 = 
NON 
Send 
A; | Ts | Rs | M | Rs | M | M Re 
: | | | 3.00 | 3.62 | 3.00 | 3.00 | 15.25 
| | 4.81 | 4.00 4.00 | 20.31 
. 7.25 | 5.00 | 5.00 | 30.50 
8.44 | 5.50 | 5.50 | 35.50 
1 | 10.88 | 6.50 | 6.50 | 45.69 
12 | | | | 13.25 | 7.50 | 7.50 | 55.81 


ADVERTISEMENTS 


Badger Meter Mfg. Co. 
Ray Bahr 
R. H. Baker & Co., Inc. 
Brown Company 
Builders- Providence, Inc. 

Division of Builders Iron Foundry 
Camp, Dresser & McKee 
Cast Iron Pipe Research Assn. 
Cement Lined Pipe Co. eas 
Centriline Corporation 
Chapman, R. E. 
Cofhn & Richardson 
Chicago Bridge & Iron Co. 
Crosby, Irving B. 
Dixon Crucible Co., Joseph 
Dresser Mfg. Div. 
Eddy Valve Co. 
Eureka Pipe Co., Inc. 
Fairbanks, Morse & Co. 
Fay, Spofford & Thorndike 
Flexible Sewer Rod Equipment Co. 
Ford Meter Box Co. 
Gunite Restoration Company, Inc. 
Haley & Ward 
Hays Mfg. Co. 
Hazen & Sawyer 
Hersey Mfg. Co. 
Hilco Supply 
Hydraulic Development Corp. 
Keasbey & Mattison Company 
Kennedy Valve Mfg. Co. 
Knowles, Morris, Inc. 
Koppers Company, Inc. 


Layne-New York Co., Inc. 
Leadite Co. ‘ 

Leggette & Brashears 

Lock Joint Pipe Co. 

Maguire & Assoc., Chas. A. 

Maher, D. L., Co. 

Metcalf & Eddy 

Morris Knowles, Inc. 

Mueller Co. 

Natienal Water Main Cleaning Co. 
Neptune Meter Co. ... . 
Northrop & Co. 

Pierce-Perry Co. 

Pipe Founders Sales Corp. 

Pirnie, Malcolm 

Pitometer Co. 

Pittsburgh Equitable Meter Co. 
Joseph G. Pollard Co., Ine. 

H. R. Prescott & Sons, Inc. 

% Proportioneers, Inc. % 
Rensselaer Valve Co. 

Reppuci, C. & Sons, Inc. 

Rockwell Mfg. Co. 

Ross Valve Mfg. Co. 

Smith Mfg. Co., The A. P. 

Turbine Equipment Co. 

U. S. Cast Iron Pipe and Foundry Co. 
Wallace & Tiernan 

Warren Foundry and Pipe Corp. 
Welsbach Corporation 

Weston & Sampson 

White Construction Co., R. H. 
Whitman & Howard 

Wood, R. D., Co. 
Worthington-Gamon Meter Divn. 


(Classified index on page xxvii 


INDEX OF ADVERTISERS 


Following front 
Following front 


Following front 


Following front 


Following front 


Following front 


Back 


Following ‘front 


Following front 


Following front 


Following front 


Following front 


Following front 


Following front 


Page 


cover 
xxii 
xxvi 
xi 


cover 
ii 
XXxi 
cover 


XXIV 
cover 
xxii 
cover 


vii 
xv 

cover 


it 
cover 
cover 


iii 


cover 
x 

1x 

x! 

ill 
lit 
ini 
cover 
xxii 
x! 
cover 
iil 
cover 
cover 
xv! 
xx 
xXx! 
xxiv 
cover 
viii 


ii 
il 
xxiv 
as Vv 
Xviii 
XIX 
in 
XVII 
iv 
vi ” 
xin 
xl 
ee ith 
‘ in 
. 


ADVERTISEMENTS 
ENGINEERS 


Coffin & Richardson, Inc. 


Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 


Incinerators 


68 Devonshire St. .... Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 

Charies M. Spofford Ralph W. Horne 

John Ayer William L. Hyland 

Bion A. Bowman Frank L. Lincoln 

Carroll A. Farwell Howard J. Williams 
Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 
Investigations Reports Designs Valuations 

Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 


Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING 


BOSTON, MASS. 


MORRIS KNOWLES 


Engineers 


INC. 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


¢ 
MALden 2-3800 


Gunite Restoration Co., Ine. 


Specializing in Pressure Concrete and 
Grouting 


595 Broadway, Malden 48, Mass. 


METCALF & EDDY 
ENGINEERS 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Airfields Valuations 


Statler Building 
Boston 16 


R. E. CHAPMAN COMPANY 
Oakdale, Massachusetts 
GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 


All Sizes to 60” Diameter 
Best Equipped for Complete Test Drilling and 
Development of Large Supplies 


5-3727 
Tel. WEST BOYLSTON 27355, 


IRVING B. CROSBY 
Consulting Engineering Geologist 
Investigations and Reports 
Dams, Reservoirs, Tunnels, Ground 
Water Resources and Supplies 


6 Beacon Street, Boston 8, Mass. 


CAMP, DRESSER & MckEE 


Consulting Engineers 


6 Beacon Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 
ment; Flood Control. 


LEGGETTE & BRASHEARS 


Consulting Ground Water Geologists 


Water Supply Salt Water Problems 
Investigations 


Reports 


Dewatering 


Recharging 


551 Fifth Avenue New York 17, N. Y. 
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ADVERTISEMENTS iii 
ENGINEERS 


Malcolm Pirnie Engineers 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Inves.igations, Reports, Plans 
Supervision of Construction 
and Operations 
Appiaisals and Rates 


25 West 43rd St. New York 36, N. Y. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER COMPANY, ING. 


ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


30 Church Street | New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, ete., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 


Associates 
Engineers 


294 WASHINGTON ST. BOSTON, MASS. 


Cement Lined Service Pipe 


Cement lined pipe has eliminated 
corrosion and metal contamination 
for 60 years. 


Write for Literature 


Cement Lined Pipe Co. 


Lynn, Massachusetts 


PIERCE -PERRY CO. 


Wholesalers ef 


Water Works Brass Goods 
Byers Wrought Iron Pipe 
Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, HAncock 6-7817 — 6-7818 


C. Reppucci & Sons, Inc. 


General Contractors 


Ground Water Supply 
Gravel Packed Wells Driven Wells 
Water Works Reservoirs 
Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 
(Tel. LAfayette 3-7330) 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - Kirkland 7-1438 
Cambridge, Massachusetts 


LAYNE - NEW YORK CO. 


Inc. 
SUCCESSORS TO 


Layne-Bowler New England Corp. 
Well Water Supply Contractors 


New England Headquarters 


15 Ryder Street, Arlington, Mass. 
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ENGINEERS 


Hazen and Sawyer 
ENGINEERS 
RicHarD HAZEN ALFRED W. SAWYER 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd St. New York 17, N. Y. 
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maintenance paint 


COSTS 


with Dixon\ne. Silica- Graphite Paints! 


This FREE Bulletin shows how! Write for it today! 


Just out! This new Dixon bulletin actually can save you up to half your 
tank painting costs. It explains, in non-technical language, how the unique 
overlapping pigment flakes of Dixon Silica-Graphite Paints form a heavier, 
stronger paint film that resists cracking and chipping and protects longer. 
Users of Dixon Flake Silica-Graphite Paints report 9 to 10 years between 
paintings, against an average of 5 years or less for other paints. Get the 
whole money-saving story from this new Dixon bulletin. It’s FREE! Write 
for your copy today! 


Write for your 


FREE today! 


Paint Products Division 


JOSEPH DIXON CRUCIBLE COMPANY 


80 Federal St., Boston 10, Massachusetts Tel. LI. 2-9487 


Includes 16 actual 
paint chips . . . complete 
! 
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That Have Never ® 
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cost-conscious 


communities choose 
\l 


ASBESTOS-CEMENT 
PRESSURE PIPE 


Installation: Collierville, 

Tenn. 40,000 feet, 6-inch, 

Class 150" Century” asbestos- 
cement pressure pipe. Construc- 
tion Engineers: Allen & Hoshall. 
Contractor: K. L. Bernado & Son. 
Both firms of Memphis, Tenn. 


OR the project pictured here, 

the authorities of Collierville, 
Tennessee, selected “Century” 
pipe because of the same good 
reasons that have decided so 
many other communities. 


The pattern of decision often goes 
like this: the authorities concerned 
investigate suitable kinds of pipe. 
They quickly note that “Century” 
asbestos-cement pressure pipe is 
economical to buy. And, because 
it is light in weight and easy to 
handle, its installation is quick 
and low in cost. 


Nature made Asbestos . . . 
Keosbey & Mattison has made it 
serve mankind since 1873 


“py 


in asbe2 


With an eye to the future, they 
approvingly note that “‘Century”™ 
pipe never tuberculates, has high 
resistance to soil corrosion, and 
actually grows stronger as the 
years go by! 


You can see why these low-cost, 
long-life features appeal to thrifty 
citizens! There are other impor- 
tant features, of course, and be- 
fore you select pipe for water 
mains, it will pay you to thor- 
oughly investigate “Century” 
asbestos-cement pressure pipe. 


FREE BOOKLET, “Mains Without 
Maintenance,” is yours for the asking. 
Contains data of value to anyone con- 
cerned with pipe for water mains. Write 
for your copy today. 


KEASBEY MATTISON 


@® COMPANY + AMBLER + PENNSYLVANIA 


ii 
ADVERTISEMENTS vu 
. 
: 
a 
: 
| 
i 


ADVERTISEMENTS. 


Worthington 
watcH pos WATER 


The meter used by thovsonds 
of municipalities in the U S$. 
ond ob: 00d 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington-Gamon 

Watch Dog Warer Meters first choice of so many 
municipalities and private water companies 

an the United States 


WATCH DOG WATER METERS 
*Wetch Dog” model... mode in stonderd capacities from 
gpm wo: and wit cose in hovsehold wires 
type, Turbine type or Compound type. Write for Bulietin. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 


296 South St., Newark 5, New Jersey 
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ADVERTISEMENTS. 


y're built to hold their accuracy longer, so that you 
are paid for as much as possible of the water you pump. 
Built to be easier to repair, so that 
your shop time and expenses are cut down. 
They're designed so that the newest parts fit the oldest 


modern performance from your oldest meters. 


And they’re built to last. Tridents os old as 50 yeors are still in service. 
The Tridents you buy today will be a credit to your 
water system for mony long years to come. 


NEPTUNE METER COMPANY 


50 West 50th Street © New York 20, N. Y. ine 


NEPTUNE METERS, LTD. 
1430 Lakeshore Rood Toronto 14, Ontario 


Bronch Offices in Principal 
American and Conodian Cities 


BRANCH OFFICE SERVING NEW ENGLAND e 250 STUART STREET, BOSTON 16, MASS 
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A 10 NAL’S 
BUsINEss! 


Increasing efficiency, carrying capacity and pressure of 
water mains has been the only business of the 
National Water Main Cleaning Company since 1905. 


During that period, we’ve cleaned over 45,000,000 feet 

of cast iron water mains and, we have yet to find the main 
(regardless of age or condition) that National can’t restore 
to at least 95% of its original rated capacity. 


The cost of National cleaning is small, compared to the 
advantages and savings effected in increased volume and 
reduced pumping costs. Resultant increase in water pressure 
reduces fire hazard, particularly in outlying districts. 


At no obligation to you, our engineers will check the condition 
of your water mains, and if they need cleaning, 
estimate the cost of National cleaning. 


Write or call us today! 


TIONAL water MAIN CLEANING COMPANY 
50 Church Street - New York, N.Y. 


ATLANTA, 333 Candler Building * BOSTON, 115 Peterboro Street * DALLAS, 6617 Snider Plaza 
DECATUR, P.O. Box 385 © ERIE, PA., 439 East 6th Street « FLANDREAU, S. D., 315 N. Crescent 
Street * KANSAS CITY, MO., 220) Grand Avenue, 406 Merchandise Mart ¢ LITTLE FALLS, N. J. 
P.O. Box 91, © LOS ANGELES, 448 So. Hill Street * MINNEAPOLIS, 200 Lumber Exchange 
Building * OMAHA, 3812 Castellar Street » RICHMOND, VA., 210 E. Franklin Street * SALT 
LAKE CITY, 149-151 West 2nd So. Street * SAN FRANCISCO, 681 Market Street ¢ SIGNAL 
MOUNTAIN, TENN., 204 Slayton Street * HAVANA, P.O. Box 531 * MANITOBA, CANADA, 
576 Wall Street » MONTREAL, 2028 Union Avenue * SAN JUAN, PUERTO RICO, Apartado 2184 
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Homogenized 
SELF CAULKING COMPOUND 


Every bag of BOND-O is a bag 
of perfect jointing compound. 


NORTHROP & CO. INC. 
SPRING VALLEY, NEW YORK 


Liguid Chborine and 
Sodium Hypochlorite 


Prompt deliveries from nearby plont at Berlin, N. H. 


A PRODUCT OF 
mpany 


Berlin, NEW HAMPSHIRE 
SALES OFFICE: 465 CONGRESS ST., PORTLAND, MAINE. Tel. Portland 2-2829 


ANNOUNCEMENT 
OUR NEW ADDRESS IS 


H. R. Prescott & Sons, Inc. 


| Box 7, Greendale Branch, Worcester 6, Mass. 
Telephone West Boylston 5-3863 


Over 35 Years of Dependable Service in 
New England on Quality 


WATER WORKS SUPPLIES 


Write for Our General Catalog 
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A pipeline 
is no stronger 
than its joints. 


POWDER OR PIGS —- WITH FIBREX 


SHYDRO-TITE? MAKE PERFECT JOINTS 
FIBREX 


Working Samples on Request. 
(POWDER) 


{HYDRO-TITE’ (REELS) 


(LITTLEPIGS) 


HYDRAULIC DEVELOPMENT, CORPORATION 


Mam Seles Office 50 ch Street, New York od Works W. Medford Station, Boston, Mass. 
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ADVERTISEMENTS. 


Tel. SUDBURY 458 P. O. BOX 153 


HILCO SUPPLY 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25F 


On Request 


JOSEPH G. POLLARD CO., 
Inc. 


Pipe Line Equipment 
New Hyde Park 


New York 
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ADVERTISEMENTS. 


That's right, it isn’t any ordinary bubble. 
Welsbach Ozone is an extremely potent and 
effective bubble when it is used to destroy taste 
and odor in your city’s water. 


Welsbach Ozone has proved its effective- 
ness and its dependability. Its efficiency as 
compared with other means of providing 
“mountain-fresh” water should make it the first 
choice for those cities who went crystal-clear, 
goed-tasting water. Operating costs are constant 
and predictable, maintenance cost aegligible... 
and no full-time supervision or labor is required. 


Furthermore, Welsbach Ozone needs no storage 


space and no close chemical control. But most 
important te you, it gives complete freedom from 


all taste and odor complaints .. . even from those 


you never hear! 
When you get complaints about taste and 
odor, play safe...investigate the potential of 


Welsbach Ozone. It is doing a fine job wherever 
it is being used... it can do one for you. 


1500 WALNUT STREET, PHILADELPHIA 2, PA, 


& 


WELSBACH 


THE WELSBACH CORPORATION 
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Ask for this complete reference library 
on KENNEDY valves and hydrants 


It’s specially designed to make your specifying job easier. 
These three handy, easy-to-use booklets describe the com- 
plete KENNEDY line of A.W.W.A. valves and fire hydrants. 


To help you specify A.W.W.A. valves, 
KENNEDY Bulletin 106 gives detailed specifi- 
cations . . . lists the wide range of types, 
sizes, controls accessories, connections, and 
gearing arrangements available. It’s packed 
with facts you'll want for reference: material 
in your permanent file. 


See how one man can repair a KENNEDY SAFE- 
TOP hydrant in only 11 minutes. KENNEDY Bulle- 
tin 105 tells the complete story . . . how the ecsily 
replaceable threaded breaking ring breaks clean- 
ly under an unusually heavy blow...and how 
one man, with only a few common tools, can 
put it back on the job in a very few minutes. 


When you want low-cost dependability in 
hydrants ... KENNEDY Bulletin 109 describes 
all the dependable, money-saving features of 
KENNEDY STANDARD hydrants. It also gives full 
details on the various accessories and nozzle 
arrangements available with these hydrants. 


The complete set of 3 booklets is yours for the asking. 
Write today for Bulletins 105, 106, and 109. 


KENNEDY 


“<a 
Est. 1877 VALVE MFG. co. e ELMIRA, N.Y. 
VALVES + PIPE FITTINGS «+ FIRE HYDRANTS 
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ADVERTISEMENTS. 


DE LAVAL at East Providence, R. I. 


In 1924 a De Lava 1200 GPM, 150 HP Motor-Driven Pump was 
installed. The pump operated continuously since that time. 


When increased consumption of water made it necessary to provide 
larger pumping facilities in 1952, another De Lava 2100 GPM, 
300 HP motor-driven unit was installed under the supervision of 
Charles A. Maguire & Associates, Engineers. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


80 Federal Street Phone Liberty 2-5993 Boston 10, Mass. 


New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 
TRENTON, NEW JERSEY 
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ILLING M ACHINES 
DUO-Stops 


Here’s Dual Economy— 


HAYS DUO-STOP . . . Corporation Stop and 
saddle combined for installation on small 
service lines. 

HAYS Main Drilling Machine . . . an eco- Write for literature 
nomical device for drilling the main, through 4 or ask ps 
the Duo-Stop or other types of Corporation The Man From Hays 
Stops. 


These are only two of the hundreds of 


items in the complete Water Works line made 
by HAYS. 


Water Works Products 


HAYS MANUFACTURING CO. 
ERIE, PA. 
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xviii ADVERTISEMENTS. 


The cheapest way to deliver water to the 
place where it turns into revenue is with 


a Dresser-coupled steel line—the line that 
Cuts installation costs 
@ Cuts leakage losses 
© Cuts maintenance costs 


Strong, shatterproof, yet lighter in 
weight, steel pipe swings into place easily. 
Each section goes as far as several sections 
of more cumbersome alternate pipe. You 
have fewer joints, and those more easily 
and quickly made with Dresser Couplings. 
Your line is in service sooner . . . you save 
costly man-hours. 

The flexibility of Dresser Couplings 
cushions every joint and harmlessly ab 
sorbs vibration and other stresses that 
cause rigid lines to leak. You get a perma- 
nently tight line that delivers all the water 
you put into it. 

You save on maintenance because the 
flexible-tight Dresser line “lives in the 
ground” comfortably and because modern 
glass-smooth linings assure high-sustained 
carrying capacity, life-long service. 

See your Dresser Sales Engineer, or 
write today for literature. 


line at ¢ 
re you get the best 
and Dresser Couplings in your specifications. 


ADresser-coupled steel line 


In Springfield, Mass., as many as 
40 long lengths of pipe were laid 
and joined in an eight-hour day, 
using a two-man joining crew. 


he best price. Put 


— 


DRESSER 


Dresser Manufacturing Division, 59 Fisher Ave., Bradford, Pa. (One of the Dresser 
Industries). In Texas: 1121 Rothwell St., Houston. In Canada: 629 Adelaide St., W., 
Toronto, Ont. Sales Offices: New York, Chicago, Houston, Philadelphia, San Francisco. 
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ADVERTISEMENTS. 


Valves and Hydrants 


Distinctive Features of the EDDY Valves 


ONLY three parts are moved by the Stem — the 

ball and the two gates. Each gate is hung from 
one of the trunnions on the ball. A convex surface at 
the base of each trunnion fits a concave surface on the 
back of the gate. This allows the gates to adjust them- 
selves properly to their seats... . The gate, being free 
to revolve on the trunnions, do not always seat in the 
same position. Gates are center bearing and adjustable 
They are forced to their seats with equal pressure at 
all points. There are two hooks on the ball on sizes 
4inch and larger, which loosely engage with the gates. 


Distinctive Features of Our New Swivel 
Top Hydrants 


THis new hydrant has all the advantages of the 

popular EDDY fire hydrant, plus several additional 
features. . . . Nozzles are in a short flanged section of 
the standpipe, which may be unbolted and turned to 
different positions. . . . Should the standpipe be broken, 
only the casting below the swivel head need be replaced. 


To raise the hydrant to conform to a 
new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 
having a steamer nozzle. 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: valves for 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug 
valves, shear gates, indicator posts, ete. 
EDDY valves are made in three classes: Iron 
Body Bronze Mounted, All Bronze, and All 
Iron Valves. 


Eddy Valve Co. 


WATERFORD NEW YORK 
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IN W&T CHLORIMATORS, TOO! 


When you look at a single W&T Chlor- 
inator you can’t see the basic research, the 
complete line of equipment, and the service 
that are behind it. 


For instance, the engineer, the plant 
operator and the taxpayer all benefit from 
W&T’s complete line of equipment. In the 
selection of equipment for a water supply — 
large or small — the engineer can always find 
a W&T Chlorinator to fit all requirements. 
The plant operator knows that this complete 
line can provide a W&T Chlorinator designed 
to help him provide safe water with his par- 
ticular plant layout. The taxpayer is assured 
that money spent for W&T Equipment fitted 
to the present as well as the future needs of 
his community will provide long range 
economy. 


These advantages of W&T’s wide selec- 
tion of equipment are probably one reason so 
many people use W&T Chlorinators. 


ADVERTISEMENTS. 


WALLACE & TIERNAN 


COMPANY, INC. 
CHLORINE AND CHEMICAL EQUIPMENT 
NEWARK |. MEW JERSEY + REPRESENTED 
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ATTENTION 


IS THIS JOURNAL PROPERLY ADDRESSED? 


If not, please send this notice to the Office of the Secretary, 73 


Tremont Street, Boston 8, Mass., giving the correct information. 


Name 


Dept. or Company Street and Number 


Warren Foundry & Pipe Corp. 


Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 


55 LIBERTY STREET, NEW YORK 
75 FEDERAL STREET, BOSTON, MASS. 


Manufacturers of 


CAST IRON PIPE 


Flanged Pipe Flexible Joint Pipe 
Bell and Spigot Pipe | 

Special Castings Short Body B. & S. Specials — 
Warren (W) Spun Centrifugally Cast Iron Pipe | 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. | 
Large Stock Enables Us to Make Prompt Shipments 


| 
Title 
| 
City State 
| 
ALSO 
| 
| 
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jobs— any size-—2” to 72”. 


41 GREENWAY, 


Get Full Service From Old Mains 


The most practical way to meet today’s overload 
demand is to clean clogged water mains. FLEXIBLE 
Underground Pipe Cleaning Co., specializes in such 


RAY BAHR 


HAMDEN, CONNECTICUT 


New England 
Representative 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 


FOR 


Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Office: 131 State Street, Boston 9 


Warehouse and Yard: East Cambridge, Mass. 


| 


WATER SUPERINTENDENTS: 


Consider the Advantages of 


Burner, designed by Goss Engineers, 
burns L-P Gas (commonly known as 
“Bottled Gas’’). Thorough'y tested and 
proven. Melts approximately 100 Ibs. 
of lead or leadite in 10 minutes. Flame 
ean be adjurted to maintain desired 
temperature. One cylinder of gas will 
operate units for many hours. 


Cylinders are made of armor plate, 
equipped with relief valves. 


Catalog No. 25 FA om Request 


NEW HYDE PARK 


Pollard L-P Gas Burner Furnaces 


JOSEPH G. POLLARD CO., Inc. 
PIPE LINE EQUIPMENT 


NEW \ ORK 
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AUTOMATIC VALVES 


Controls elevation 
of water A self contained 
in 
unit, with 
controls 
reservoirs three or more 
automatic 
ALTITUDE VALVE 
1. Single Acting 
2. Double Acting COMBINATION VALVE 
Combination automatic control both di- 
rections through the valve. 
Maintains 
desired discharge 
pressure 
Maintains 
in safe operating 
rate of flow — 
for 
conduits, 
distribution and 
Regulates pressures in gravity and pump 
systems ; between reservoirs and zones of 
different pressures, ete. SURGE-RELIEF VALVE 
Maintains 
levels in tank, 
reservoir 
Electric 
remote control— 
1. As direct solenoid or 
acting motor 
be 
2. Pilot oper- wer 
ated and with furnished 
float traveling 
between two 
stops, for upper 
tee San REMOTE CONTROL VALVE 
of water eleva 
— Adapted for use as primary or second- 
ary control on any of the hydraulically 
FLOAT VALVE controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY,N. Y. 
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Horton Standpipe 
at Biddeford, Me. 


The Biddeford and Saco Water 
Company installed this  1,250,000-gal. 
Horton welded steel standpipe in its 
water distribution system to help pro- 
vide more uniform pressures in the 
mains. The tenk is 60-ft. in diam. and 
51-ft. 4-in. high. 

Horton reservoirs are built in sizes up 
to 10,000,000-gals. We also build 
ellipsoidal bettom elevated tanks in 
capacities from 15,000 to 500,000 gal. 
and radial-cone bottom tanks in sizes 
from 500,000 to 3,000,000-gals. 

We shall be glad to furnish informa- 
tion or quotations on Horton tanks. 


CHICAGO BRIDGE & IRON COMPANY 


20! Devonshire Street, Boston, Massachusetts 
Eastern Plant — Greenville, Pa. 


Attention Mr. Water Works 
CEMENT LINED SERVICE PIPE:— 


Resists Corrosion 
Has proven practical for three-quarters of a century 
Immediate delivery on both wrought iron and steel, black or galvanized. 


Pollard Pipe Line Equipment and Tools Pollard L. P. Gas Burner Furnaces 
Crescent Diaphragm Pumps 


“SPECIFY EUREKA PIPE" 


EUREKA PIPE COMPANY, inc. 


Manufacturers of CENTRIFUGAL CEMENT LINED PIPE and 
LEAD AND TIN LINED FITTINGS 


591-593 Washington St. Tel. Ly 3-9550 Lynn, Mass. 


R. H. WHITE CONSTRUCTION CO., Ine. 
GENERAL CONTRACTORS 


Water Mains Pumping Stations 
Pumping Machinery Stand pipe Foundations 
Sewerage Disposal 


41 CENTRAL ST., AUBURN, MASSACHUSETTS 
(Tel. Auburn 8121) 
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Modernization with Rensselaer 
The Old Port Washington, Wisconsin, Water plant is now one 
of the most modern filter plants in the country. 

The illustration shows the pump room, entirely equipped with 
Rensselaer gate and check valves. All gate valves 4 inch and 
larger in the entire plant are also Rensselaer. 

Rensselaer products are well above specifications not only 
in general characteristics but in the thickness of metal at im- 
portant points. They are designed with the “know how” which 
goes back to the early days of water systems, and they are 
built by technicians many of whom have been with the Com- 
pany 35 years or more. 

You don’t have to build a new plant in order to modernize 
with Rensselaer. Ask our local representative why a replacement 
of a troublesome check valve will eliminate slam—why Rensselaer 


tapping sleeves save time, and why Rensselaer hydrants and 
valves will save maintenance on your service extensions. 


Rensselaer VALVE N.Y. 


E VALVES « FIRE HYDRANTS «+ SQUARE BOTTOM VALVES « CHECK VALVES « AIR RELEASE 


A SUBSIDIARY OF NEPTUNE METER COMPANY = 
Sales representatives in principal cities 


VALVE 


XXV 


; 


ADVERTISEMENTS. 


XXvii 


BRASS GOODS. 


Hays Mig. Co. 
Hilco Supply 
Mueller Co. 
Pierce-Perry Co. 


Mueller Co. 
Northrop & Co. 


CHLORINATORS. 


Hays Mfg. Co. 
Mueller Co. 
Pierce-Perry 


Northrop & Co. 
CONTRACTORS. 
Layne-New York Co. 
Maher, D. L. Co. 
Reppucci, C. & Sons 
White Construction Co., 


Dresser Mfg. Divn. 


CURB BOXES. 


Hays Mfg. Co. 
Hilco Supply 
Mueller Co. 
Pierce-Perry Co. 


DIAPHRAGMS, PUMPS. 


ENGINEERS. 


Coftin & Richardson 
Crosby, Irving B. 


Haley and Ward 
Hazen & Sawyer 
Knowles Morris, Inc. 
Leggette & Brashears 
Maguire & Associates, 
Metcalf and Eddy 


Pitometer Co. 
Weston and Sampson 


FEED WATER FILTERS. 


© 


Ross Valve Mfg. Co., 


ASBESTOS-CEMENT PIPE. 
Keasbey & Mattison Company 


Proportioneers, Inc. 


Proportioneers, Inc. 


Smith Mfg. Co., The A. Pp. 


CALKING MACHINERY AND TOOLS. 
Hydraulic Development Corp. 


Builders- Providence, Inc. 

% Proportioneers, Inc. 
Wallace & Tiernan Co., 

CLEANING WATER MAINS. 
Flexible Underground Pipe Cleaning Co. 
National Water Main Cleaning Co. 


COCKS, CURBS AND CORPORATIONS. 
Eureka Cement Lined Pipe Co. 


Co. 
Smith Mfg. Co., The A. P. 
CONCRETE PIPE. (See Pipe, Concrete.) 
CONTRACTORS’ EQUIPMENT. 


Hydraulic Development 


R. H. 
COUPLINGS, FLEXIBLE PIPE 


H. R. Prescott & Sons, 


Camp, Dresser & McKee 


(Divn. 
% 


(Divn. 
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Eureka Cement Lined Pipe Co. 


CAST IRON PIPE. (See Pipe, Cast Iron) 
CEMENT LINED PIPE. (See Pipe, 
CHEMICAL FEED APPARATUS. 


Builders-Providence, Inc. 
Proportioneers, Inc. 


Wallace & Tiernan Co., Inc. 


Inc. 


Corp. 


Eureka Cement Lined Pipe Co. 


Fay, Spofford nad Thorndike 


Charles A. 


Pirnie Malcolm 


Whitman and Howard 
ENGINES. (See Pumps and Pumping Engines.) 
EQUIPMENT. (See Contractors’ 


Inc. 


Equipment.) 


Cement Lined.) 
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FILTRATION PLANT EQUIPMEN?. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


Builders- Providence, Inc. (Divn. 


% YProportioneers, Inc. % 
FLAP VALVES. 

Eddy Valve Co. 
FLEXIBLE JOINTS. 

Dresser Mfg. Divn. 


U. ». Pipe and toundry Co. 


FURNACES. 
Hilco Supply 


Hydraulic Development Corp. 


Leadite Co., The 
Mueller Co. 

Northrop & Co. 

Co., Joseph G. 


H. R. Prescott & Sons, Inc. 


GAS HOLDERS. 


Chicago Bridge and Iron Co. 


GATE VALVES. (See Valves.) 


Gunite-Restoration Co., Inc. 


SUCTION AND CONDUCTION. 


Prescott & Sons, Inc. 


FIRE. 
Edd y Valve Co. 
Hilco Supply 
Kennedy Valve Mfg. Co. 
Mueller Co. 


H. R. Prescott & Sons, Inc. 


Rensselaer Valve Co. 

Smith Mfg. Co., The A. P. 

Wood, R. D., Co. 
HYDRANTS, PUMPS. 

Hilco Supply 


H. R. Prescott & Sons, Inc. 


LEAD PIPE. (See Pipe, Lead.) 
LIQUID CHLORINE. 
Brown Co. 


METERS, OIL AND WATER. 
Badger Meter Mig. Co. 


Builders-Providence, Inc. (Divn. 


Hersey Mig. Co. 
Neptune Meter Co. 
Pipe Founders Sales Corp. 


Pittsburgh Equitable Meter 


Worthington-Gamon Meter Divn. 


METER COUPLINGS. 
Badger Meter Mfg. Co. 
Ford Meter Co. 
Hays Mfg. Co. 
Hersey Mfg. Co. 
Mueller Co. 
Neptune Meter Co. 
Smith Mfg. Co., The A. P. 
Worthington-Gamon Meter 
METERS (Venturi Type.) 
Builders-Providence, Inc. (D 
METER BOXES. 
Ford Meter Co. 
Mueller Co. 
METER TESTERS. 
Badger Meter Mfg. Co. 
Ford Meter C.o 
Mueller Co. 
Neptune Meter Co 
OIL BNGINES. 
Fairbanks, Morse & Co. 
OZONATION EQUIPMENT. 
Welsbach Corp. 
PAINTS. 
Jos. Dixon Crucible Co. 


CEMENT. 


Divn. 


ivn. 


easbey Mattison Company 
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PIPE, BRASS. 
Hilco Supply 
Pierce-Perry Co. 
H. R. Prescott & Sons, Inc. 


PIPE, CAST LRON (and Fittings) 

Builders-Prowidence, Inc. (Vivn. of Builders Iron mary. ) Following front 

Cast Research Association 

Hilco 

Fou Sales Corp. 

H. R. Prescott & Sons, Inc. 

UL. S. Cast Iron Pipe and Foundry Co. 

Warren Foundry and Pipe Co. 

Wood, R. D., Co. : ite Following front 
PIPE, CEMENT LINED. 

‘ast lron Pipe Research Association 

Cement Lined Pipe Co. 

Eureka Cement Lined Pipe Co. 

ag? Founders Sales Corp. 

U. S. Cast Iron Pipe and Foundry Co. 


PIPE, COATING AND LININGS. 


Centriline Corp. 


Following front 

Koppers Company, Inc. Following front 
PIPE, CONCRETE. 

Lock Joint Pipe Co. : Facing front 


PIPE CUTTING MACHINES. 
Pollard, Co. G. 
Smith Mfg. Co. The A. P. 


PIPE JOINTING MATERIAL. 
Hilco Supply 
Hydraulic Development Corp. ‘ 
Leadite Co., The Back 
Northrop & Co. 


PIPE, LEAD. 


Pierce-Perry Co. 


PIPE LINING. 
entriline Corp. 


PIPE, PRESTRESSED CONCRETE. 
Lock Joint Pipe Co. 


PIPE, WROUGHT IRON AND STEEL. 


Pierce-Perry Co. 


PLUG VALVES. 
Eddy Valve Co. 
Hays Mfg. Co. 
Mueller Co. 
Pittsburgh Equitable Meter Divn. 


PITOMETERS. 


Pitometer Co., Engrs. 
PORTABLE AIR COMPRESSORS. (See Air Compressors.) 


PRESSURE REGULATORS. 
Hileo Supply 
Mueller Co. 
Pittsburgh Equitable Meter Divn. 
H. R. Prescott & Sons, Inc. 
Ross Valve Mfg. Co., Inc. 


PROVERS, WATER. 
Badger Meter Mfg. Co. 


PUMPS AND PUMPING MACHINES. 
Fairbanks, Morse & Co. 
Layne-New York Co., Inc. 

Hikeo Supply 

Maher Co., D. L. 

Morris Machine Works 

H. R. Prescott & Sons, Inc. 

Ross Valve Mfg. Co., Tne. 

Trrbine Equipment Co. 
White Construction Co., R. H. 


RATE CONTROLLERS AND GAUGES. 
Badger Meter Mfg. Co. 
Builders- Providence, Inc. (Divn. of Builders Iron F 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 
SHEAR GATES. 


Mueller Co. front cover 
SLEEVES AND VALVE TAPPINGS. 
Mueller Co. - ...Following front cover 
H. R. Prescott & Sons, Inc. xi 
Rensselaer Valve Co. . XXV 
Smith Mfg. Co., The A. P. seseseeee.-Following front cover 


STAND PIPES. 
Chicago Bridge and Iron Co. . 


de 
STEEL PLATE WORK. 
Chicago Bridge and Iron Co. xxiv 
SUPPLIES AND TOOLS. 
Hilco Supply xiii 
Leadite Co., The “ae ; Back cover 
Mueller Co. ne front cover 
Northrop & Co. a xi 


Pollard, Co., Joseph G. 
H. Prescott & Sons, Inc. x! 


TAPPING MACHINES. 
Hays Mfg. Co. 


Mueller Co. Following front cover 
Smith Mfg. Co., The A. P. , Following front cover 
TANKS, STEEL. 
Chicago Bridge and Iron Co. Xxil 
TAPPING SLEEVES. (see Sleeves and Valves, Tappings.) 
VALVE BOXES. 
Hilco Supply one xiii 
Kennedy Vaive Mfg. Co. . xv 
Mueller Co. wuss Following front cover 
Pierce-Perry Co. iii 
Pipe Founders Sales Corp. ye! xxii 
H. Prescott & Sons, Inc. ; xi 
Smith Mfg. Co., The A. P. Following front cove: 
Wood, R. D., Co. ‘ Following front cove 
VALVE INSERTING MACHINES. 
ueller Co. ; ; Following front cover 
Smith Mfg. Co., The A. P. . : . Following front cover 
VALVES, CHLORINE. 
Wallace & Tiernan Co., Inc. ... xx 
VALVES, GATE. 
Eddy Valve Co. gute xix 
Mueller Co. .. Following front cover 
Pierce-Perry Co. iii 
Rensselaer Valve Co. xxv 
Wood, R. D., Co. ..se...-Following front cover 


VALVES, REGULATING. 
Mueller Co. 


Ross Valve Mfg. Co., Inc 


WATER-PROOFING. 

WATER WASTE DETECTION. 

Pitometer Co., The iii 


WELLS, GRAVEL, FILTER AND DRIVEN. 
Layne- New York Co., Ine. iii 
Maher Co., D. L. ‘6 iii 


WROUGHT IRON PIPE. (See Pipe. Wrought Iron and Steel.) 
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STILL IN SERVICE 


We are stating a fact and you don’t have to take our word 
for it. We refer you to one of the most important fact- 
finding jobs ever undertaken by the water works industry 
— the recently completed survey of the service life of 
water works facilities. This survey was sponsored by three 
water works associations. 


The survey shows that 96% of all the cast iron water 
mains ever laid by 25 representative cities in sizes 6-inch 
and larger are still in service. 


A detailed report of the survey has recently been pub- 
lished by the American Water Works Association. We 
have reprinted, by permission, the facts pertaining to cast 
iron water mains in a brochure which will be sent on 
request. Write to Cast Iron Research Association, Thomas 
F. Wolfe, Managing Director, 122 South Michigan Ave., 
Chicago 3, Ill. 


(CAST TRON PIPE 
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Lithographed on stone for U, 8S, Pipe and Foundry Co. by John A. Noble, A. N. A. 


P ie LINE CREWS encounter all kinds 


of conditions from deep woods to the congested 


streets in the heart of a large city’s business 
district. This cast iron pipe installation could be 
either a water supply line from a mountain reservoir 
or a sewer force main leading to a remote treatment 
plant. If it were a gas transmission line it would, 
of course, be mechanical joint pipe. 


U. S. cast iron pipe in sizes from 2-inch 


through 24-inch are cast centrifugally in metal , 
molds with bell-and-spigot, mechanical joints and cas roa 


plain ends. The pit cast process is used in 
producing all sizes of flexible joint and flange pipe 
as well as all pipe 30-inch and larger. Highly 


developed production controls guard the uniformly 


high quality of U. S. Cast Iron Pipe. FOR WATER GAS SEWERAGE 
AND INDUSTRIAL SERVICE 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U. S. A. 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their profession. It affords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
possibility. Its success has more than met the expectation of its projectors; 
there is a large and increasing demand for its issues, and every addition to its 
subscription list is a material aid in extending its field of usefulness. 
Ali members of the Association receive the Journal for three dollars 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


"THE attention of parties dealing in goods used by Water Department is 
called to the JourNAL oF THE New EncLanp Water Works AssociaTIOn 
as an advertising medium. 
Its subscribers include the principal Waren Worxs Encivcers anp Con- 
TRACTORS in the United States. The paid circulation is 1,100 copies. 


Being filled with original matter of the interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 


advertisers are thus more certain to REACH BUYERS than by any other 
means. 


The Journat is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


A sample copy will be sent on application. 
For further information address the Advertising Agent 


Mrs. Atice R. Metrosz, 
73 Tremont STReert, 
Boston 8, Massacnussetts 


ADVERTISING RATES 
One Issue Four Issues : 
Size of page, 4% x 7% net. Be 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material——-Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 
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